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(54) ELECTRONIC DEVICE AND METHOD FOR CONTROLLING ELECTRONIC DEVICE 

(57) A portable electronic device is provided with a by the user, 
carried-state detector which detects whether or not the 
device is being carried. Wasteful power consumption of 
the device when not in use can be reduced by shifting 
the operation of the device from a normal operation 
mode to a power saving mode while the device is not 
being carried, namely, while the user does not use the 
device. The power consumption of an electronic device 
(timer) incorporating a power generator which gener- 
ates electronic power by converting first energy (motion, 
pressure, and heat) into second energy, namely, electri- 
cal energy, is reduced by detecting whether or not the 
power generator generates electric power, namely, 
whether or not the device is being carried by means of a 
power generation detecting circuit and by shifting the 
operation of the device to a power saving mode when 
the non-power generating time of the equipment 
exceeds a prescribed period of time. Therefore, an elec- 
tronic device (timer) whose energy consumption can be 
reduced without giving any inconvenience to the user by 
shifting the operation of the device to the power saving 
mode when the device is not carried by the user or 
when the power generator of the device does not gener- 
ate electric power even while the device is being carried 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention relates to portable elec- 
tronic equipment and a control method for the electronic 
equipment, and in particular to electronic equipment 
and a control method for the electronic equipment with 
which a power saving mode and a normal operating 
mode can be switched over depending on a condition of 
use of the electronic equipment by the user. More spe- 
cifically, the present invention relates to a timepiece and 
a control method for the timepiece which can indicate 
the time with high accuracy for a long time without 
replacing a battery. 

BACKGROUND ART 

[0002] Recently, small size electronic watches such as 
wristwatches incorporating power generators, e.g., 
solar cells, and operating with no need of replacing bat- 
teries, have been developed as one form of electronic 
equipment. Those electronic watches have a function of 
charging electric power generated by power generators 
in large-capacity capacitors, and indicate the time with 
the power discharged from the capacitor when power is 
not generated. The electronic watches can therefore 
operate with stability for a long time without batteries. In 
consideration of the inconvenience of replacing batter- 
ies and a problem in disposal of exhausted batteries, it 
is expected that power generators will be incorporated 
in more and more electronic watches in future. 
[0003] Meanwhile, a power generator incorporated in 
a wristwatch, etc. comprises a solar cell for converting 
irradiated light into electric energy, or a power generat- 
ing system for converting kinetic energy produced upon, 
e.g., motion of the user's arm into electric energy. Such 
a power generator is very advantageous in utilizing 
energy in environment of the user for conversion into 
electric energy, but has problems that utilizable energy 
density is low and energy cannot be obtained in contin- 
uous fashion. Accordingly, power generation can not be 
performed in continuous fashion, and the electronic 
watch operates with the power accumulated in a large- 
capacity capacitor while the power generation is sus- 
pended. For this reason, a large-capacity capacitor is 
desired to have a capacity as large as possible. The 
capacitor having a too large size however, would raise 
problems that such a capacitor cannot be accommo- 
dated in a wristwatch device, and a proper level of volt- 
age is hard to obtain because a longer time is required 
for charging the capacitor. On the other hand, if the 
capacity is too small, the electronic watch would stop 
operation when power is not generated for a long time. 
Even if the electronic watch is rendered to start opera- 
tion again by. for example, irradiating light, the indicated 
time would be wrong and the precise time would not be 
indicated. Thus the electronic watch would not fulfill its 



own function as a watch. 

[0004] In a wristwatch device using a- solar cell, 
because the intensity of ambient illumination can be 
detected with the solar cell, a system is conceived in 

5 which when the illumination intensity lowers down below . 
a setting value, the time indication is stopped' but the 
time stopped from being indicated is continuously 
counted by an internal counter, and when the illumina- 
tion intensity rises, the time indication is resumed and . ' 

w the current time is restored based on a value of the 
internal counter. With such a wristwatch device, the 
operation of indicating the time is stopped and energy is 
saved when the illumination is darkened, e.g., while the 
user is sleeping, and the time indication is automatically 

is resumed and the current time is restored when rt grows 
light in the morning. Accordingly, a duration of the large- 
capacity capacitor can be prolonged and the wristwatch 
can be operated for a long time without causing the user 
to feel inconvenience. Also, by designing such a system 

20 that the day- of -time indication is stopped after a certain 
period of time has elapsed subsequent to a lowering of 
the illumination intensity, the time can be continuously 
indicated even if the illumination intensity lowers for a 
short time as occurred when the wristwatch is hidden 

25 under clothes. This system can also save energy with- 
out causing the user to feel inconvenience. 
[0005] However, the user often desires to see the time 
even during the night, and it is inconvenient H the user 
cannot know the current time instantly on such an occa- 

30 sion. Also, the wristwatch is often not exposed to the 
sun in the winter during which the user is wearing a coat 
or the like. If the time indication is stopped under such a 
condition, the function of the wristwatch is not fulfilled. 
Conversely, when the user does not wear the wrist- 

35 watch and leaves it in the room, the time indication con- 
tinues since the wristwatch is exposed to weak light. 
This results in wasteful power consumption. 
[0006] An object of the present invention is therefore 
to provide electronic equipment and a control method 

40 for the electronic equipment with which a power saving 
mode and a normal operating mode can be switched 
over depending on a condition of use of the electronic 
equipment by the user. 

[0007] Another object of the present invention is to 
45 provide a timepiece and a control method for the time- 
piece which can indicate the time with high accuracy for 
a long time without replacing a battery. 
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DISCLOSURE OF THE INVENTION 



[0008] To achieve the above objects, the present 
invention is featured in portable electronic equipment 
comprising a power supply device capable of accumu- 
lating electric energy, a driven device driven with electric 
55 power supplied from the power supply device, a carry- 
ing-on-user detector for detecting whether the elec- 
tronic equipment is in a state carried with a user or not, 
and a mode shift control device for shifting an operating 
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mode of the driven device from a normal operating 
mode to a power saving mode in accordance with a 
detection result of the carrying-on-user detector when 
the electronic equipment is in a state not carried with 
the user, for thereby reducing power consumption of the 
driven device. 

[0009] Further, the power supply device in the present 
invention is featured in including a power generator for 
generating electric power by converting first energy into 
the electric energy as second energy, and being able to 
accumulate the generated power. 
[001 0] Further, the carrying-on-user detector in the 
present invention is featured in detecting whether the 
electronic equipment is in the state carried with the user 
or not in accordance with a power generation state of 
the power generator. 

[001 1 ] Also, the present invention is featured in further 
comprising an operating condition restoring device for, 
when the operating mode is restored to the normal 
mode again after a shift to the power saving mode, 
restoring an operating condition of the driven device to 
the same operating condition as resulted in the case of 
operating the driven device continuously for a period of 
time elapsed from the shift to the power saving mode to 
the time of restoring to the normal mode. 
[0012] Also, the mode shift control device in the 
present invention is featured in shifting the operating 
mode to the power saving mode when an amount of 
power accumulated in the power supply device is not 
less than a predetermined amount of power which is set 
beforehand and corresponds to the amount of power for 
the restoring of the operating condition. 
[0013] Also, the carrying-on-user detector in the 
present invention is featured in detecting the carried 
state of the electronic equipment based on an electro- 
motive voltage produced in the power generator. 
[0014] Also, the carrying-on-user detector in the 
present invention is featured in comparing an electro- 
motive voltage produced in the power generator with a 
plurality of setting voltage values, and detecting the car- 
ried state of the electronic equipment in accordance 
with a comparison result. 

[0015] Further, the carrying-on-user detector in the 
present invention is featured in detecting the carried 
state of the electronic equipment by selecting one of the 
plurality of setting voltage values depending on the cur- 
rent mode, and comparing the electromotive voltage 
produced in the power generator with the selected set- 
ting voltage value. 

[0016] Further, the carrying-on-user detector in the 
present invention is featured in setting the setting volt- 
age value, which is used for determining whether the 
operating mode is to be shifted from the power saving 
mode to the normal operating mode, to be higher than 
the setting voltage value used for determining whether 
the operating mode is to be shifted from the normal 
operating mode to the power saving mode. 
[0017] Also, the carrying-on-user detector in the 



present invention is featured in detecting the carried ' 
state of the electronic equipment based on a charging 
current in the power supply device. ' 
[0018] Further, the carrying -on -user detector in the 

5 present invention is featured in comparing the charging * 
current in the power supply device with a plurality of set- 
ting current values, and detecting the carried state of 
the electronic equipment in accordance with a compari- 
son result. ' ' 

w [0019] Further, the carrying-on-user detector in the 
present invention is featured in detecting the earned 
state of the electronic equipment by selecting one of the 
plurality of setting current values depending on the cur- 
rent mode, and comparing the charging current in the 

75 power supply device with the selected setting current 
value. 

[0020] Further, the carrying-on-user detector in the 
present invention is featured in setting the setting cur- 
rent value, which is used for the mode shift from the 
20 power saving mode to the normal operating mode, to be 
higher than the setting current value used for the shift 
from the normal operating mode to the power saving 
mode. 

[0021] Also, the carrying -on -user detector in the 
25 present invention is featured in detecting the carried 
state of the electronic equipment based on a power 
generation duration time of the power generator. 
[0022] Further, the carrying-on-user detector in the 
present invention is featured in comparing the power 
30 generation duration time of the power generator with a 
plurality of setting time values, and detecting the carried 
state of the electronic equipment in accordance with a 
comparison result. 

[0023] Further, the carrying-on-user detector in the 
35 present invention is featured in detecting the carried 
state of the electronic equipment by selecting one of the 
plurality of setting time values depending on the current 
mode, and comparing the power generation duration 
time of the power generator with the set setting time 
40 value. 

[0024] Further, the carrying-on-user detector in the 
present invention is featured in setting the setting time 
value, which is used for the mode shift from the power 
saving mode to the normal operating mode, to be longer 

45 than the setting time value used for the shift from the 
normal operating mode to the power saving mode. 
[0025] Also, the carrying-on-user detector in the 
present invention is featured in detecting the carried 
state of the electronic equipment based on frequency of 

so the power generated by the power generator. 

[0026] Further, the carrying -on -user detector in the 
present invention is featured in detecting the frequency 
of the power generated by the power generator by 
counting the number of peaks of an electromotive volt- 

55 age produced in the power generator during a period 
until a setting time elapses from a point in time at which 
the electromotive voltage has exceeded a setting volt- 
age value. 
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[0027] Further, the carrying-on-user detector in the 
present invention is featured in comparing the fre- 
quency of the power generated by the power generator 
with a plurality of setting frequency values, and detect- 
ing the carried state of the electronic equipment in 5 
accordance with a comparison result. 
[0028] Further, the carrying-on-user detector in the 
present invention is featured in detecting the carried 
state of the electronic equipment by selecting one of the 
plurality of setting frequency values depending on the 10 
current mode, and comparing the frequency of the 
power generated by the power generator with the set 
setting frequency value. 

[0029] Also, the carrying-on-user detector in the 
present invention is featured in setting the setting fre- 75 
quency value, which is used for determining whether 
the operating mode is to be shifted from the power sav- 
ing mode to the normal operating mode, to be higher 
than the setting frequency value used for determining 
whether the operating mode is to be shifted from the so 
normal operating mode to the power saving mode. 
[0030] Also, the power generator in the present inven- 
tion is featured in including a plurality of auxiliary power 
generators for converting the first energy in different 
forms. 25 
[0031] Also, the first energy in the present invention is 
featured in being any of kinetic energy, pressure energy 
or thermal energy. 

[0032] Also, the power generator in the present inven- 
tion is featured in generating AC electric power by con- 30 
verting kinetic energy as the first energy into electric 
energy, and the power supply device is featured in recti- 
fying and accumulating the generated AC power. 
[0033] Further, the carrying-on-user detector in the 
present invention is featured in comprising switching 35 
means being switched over in accordance with a cycle 
of the AC power generated by the power generator, 

a capacity element for accumulating electric 
charges in accordance with the switching operation <o 
of the switching means, discharge means inserted 
in a discharge path of the capacity element and dis- 
charging the electric charges accumulated in the 
capacity element, a measuring portion for counting 
the power generation duration time by measuring a 45 
period of time during which a voltage across the 
capacity element exceeds a predetermined value, 
and a carrying-on-user detecting portion tor detect- 
ing the carried state of the electronic equipment 
based on the power generation duration time. so 

[0034] Also, the carrying-on-user detector in the 
present invention is featured in detecting the carried 
state of the electronic equipment based frequency of 
the power generated by the power generator. 55 
[0035] Further, the carrying-on -user detector in the 
present invention is featured in detecting the frequency 
of the power generated by the power generator by 
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counting the number of peaks of an electromotive volt- 
age produced in the power generator during a" period 
until a setting time elapses from a point in time al which 
the electromotive voltage has exceeded a setting volt- 
age value. 

[0036] Further, the carrying-on-user detector in the 
present invention is featured in comparing the fre- 
quency of the power generated by the power generator 
with a plurality of setting frequency values, and detect- ■ ' 
ing the carried state of the electronic equipment in 
accordance with a comparison result. 
[0037] Further, the carrying-on-user detector in the 
present invention is featured in detecting the carried 
state of the electronic equipment by selecting one of the 
plurality of setting frequency values depending on the 
current mode, and comparing the frequency of the 
power generated by the power generator with the set 
setting frequency value. 

[0038] Also, the power generator in the present inven- 
tion is featured in comprising a rotating weight undergo- 
ing swing motion, and a power generation element for 
generating electromotive forces with the rotary motion 
of the rotating weight. 

[0039] Also, the power generator in the present inven- 
tion is featured in comprising a resilient member to 
which deformation forces are applied, rotating means 
undergoing rotary motion due to restoring forces devel- 
oped by the resilient member going to restore to an orig- 
inal shape, and a power generation' element for 
generating electromotive forces with the rotary motion 
of the rotating means. 

[0040] Also, the power generator in the present inven- 
tion is featured in comprising a piezoelectric device for 
generating electromotive forces with the piezoelectric 
effect when subjected to a displacement. 
[0041] Also, the mode shift control device in the 
present invention is featured in shifting the operating 
mode of the driven device to the power saving mode 
when the electronic equipment is in the not-carried state 
and the power generation state of the power generator 
is in a predetermined power generation state which is 
set beforehand and corresponds to the power saving 
mode. 

[0042] Further, the carrying -on- user detector in the 
present invention is featured in including an accelera- 
tion sensor for detecting acceleration generated when 
the electronic equipment is carried with the user. 
[0043] Also, the carrying -on- user detector in the 
present invention is featured in detecting the carried 
state of the electronic equipment by detecting a change 
in electrode-to-electrode resistance value or electrode- 
to-electrode capacitance value occurred when the elec- 
tronic equipment is carried with the user. 
[0044] Also, the carrying-on-user detector in the 
present invention is featured in including a switch por- 
tion turning into an on- or off -state when the electronic 
equipment is carried with the user, and detecting the 
carried state of the electronic equipment in accordance 
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with the on/off state of the switch portion. 
[0045] In addition, the present invention is leatured in 
a control method for electronic equipment comprising a 
power supply device capable of accumulating electric 
energy, and a driven device driven with electric power 
supplied from the power supply device, the control 
method comprising a carrying-on- user detecting step of 
detecting whether the electronic equipment is in a state 
carried with a user or not, and a mode shift control step 
of shifting an operating mode of the driven device from 
a normal operating mode to a power saving mode in 
accordance with a result of the detection when the elec- 
tronic equipment is in a state not carried with the user, 
for thereby reducing power consumption of the driven 
device. 

[0046] Further, the power supply device in the present 
invention is featured in including a power generator for 
generating electric power by converting first energy into 
the electric energy as second energy, and the carrying- 
on-user detecting step is featured in detecting whether 
the electronic equipment is in the state carried with the 
user or not in accordance with a power generation state 
of the power generator. 

[0047] Also, the present invention is featured in further 
comprising an operating condition restoring step of, 
when the operating mode is restored to the normal 
mode again after a shift to the power saving mode, 
restoring an operating condition of the driven device to 
the same operating condition as resulted in the case of 
operating the driven device continuously for a period of 
time elapsed from the shift to the power saving mode to 
the time of restoring to the normal mode. 
[0048] Also, the mode shift control step in the present 
invention is featured in shifting the operating mode to 
the power saving mode when an amount of power accu- 
mulated in the power supply device is not less than a 
predetermined amount of power which is set before- 
hand and corresponds to the amount of power for the 
restoring ol the operating condition. 
[0049] Also, the driven device in the present invention 
is featured in being a time indicating device for indicat- 
ing the time with the electric power supplied from the 
power supply device, and the normal operating mode is 
featured in being an indication mode causing the time 
indicating device to indicate the time. 
[0050] Also, the first energy in the present invention is 
featured in being any of kinetic energy, pressure energy 
or thermal energy. 

(0051 ] Also, the first energy in the present invention is 
featured in being optical energy, and the mode shift con- 
trol step is featured in including the carrying-on-user 
detecting step of detecting whether the electronic equip- 
ment is in the state carried with the user or not, and 
shifting the operating mode of the driven device to the 
power saving mode when the electronic equipment is in 
the not-carried state and the power generation state of 
the power generator is in a predetermined power gener- 
ation state which is set belorehand and corresponds to 



the power saving mode. 

[0052] Also, the driven device in the present invention 
is featured in being a time indicating device for indicat- 
ing the time with the electric power supplied from the 

s power supply device, and the mode shift control device' 
is featured in shifting the operating mode of the time 
indicating device to the power saving mode in accord- 
ance with a power generation state of the power gener- 
ator, for thereby reducing power consumption of the 

io time indicating device. 

[0053] Further, the present invention is featured in fur- 
ther comprising a time indication restoring device for, 
when the operating mode is restored to a time indication 
mode as the normal mode again after a shift to the 

is power saving mode, restoring a time indicative condition 
of the time indicating device to the same time indicative 
condition as resulted in the case of operating the time 
indicating device continuously for a period of time 
elapsed from the shift to the power saving mode to the 

20 time of restoring to the time indication mode. 

[0054] Also, the power saving mode in the present 
invention is featured in stopping the time indication in 
the time indicating device. 

[0055] Also, the time indicating device in the present 
25 invention is featured in comprising an hour- and minute- 
hand driving device for driving hour and minute hands, 
and a second hand driving device for driving a second 
hand, and the power saving mode is featured in com- 
prising a first power saving mode in which operation of 
30 the second hand driving device is stopped, and a sec- 
ond power saving mode in which operations of the hour- 
and minute-hand driving device and the second hand 
driving device are stopped. 

[0056] Also, the time indicating device in the present 

35 invention is featured in being an analog indicating 
device for mechanically driving analog hands to rotate 
the hands, and the mode shift control device is featured 
in comprising a power-saving -mode time storage for 
storing a power-saving -mode duration time during 

40 which the power saving mode is continued, and a time 
restoring portion for restoring the time indication of the 
analog indicating device based on the power-saving- 
mode duration time when the operating mode is shifted 
from the power saving mode to the indiction mode. 

45 [0057] Also, the mode shift control device in the 
present invention is featured in having a mode setting 
function capable of selectively setting one of the power 
saving mode in which the time indication of the time 
indicating device is stopped in accordance with the 

so power generation state of the power generator, and the 
indiction mode in which the time is indicated. 
[0058] Moreover, the present invention is featured in a 
control method for electronic equipment comprising a 
power supply device capable of accumulating electric 

55 energy, and a time indicating device capable of indicat- 
ing the time with electric power supplied from the power 
supply device, the control method comprising a carry- 
ing-on-user detecting step of detecting whether the 
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electronic equipment is in a state carried with a user or 
not, and a mode shift control step of shifting an operat- 
ing mode of the driven device from a normal operating 
mode to a power saving mode in accordance with a 
detection result in the carrying -on- user detecting step 5 
when the electronic equipment is in a state not carried 
with the user, for thereby reducing power consumption 
of the driven device. 

[0059) Further, the power supply device in the present 
invention is featured in including a power generator for 10 
generating electric power by converting first energy into 
the electric energy as second energy, and 

the carrying-on-user detecting step is featured in 
detecting whether the electronic equipment is in the 15 
state carried with the user or not in accordance with 
a power generation state of the power generator. 

[0060] Also, the present invention is featured in further 
comprising a time indication restoring step of, when the 20 
operating mode is restored to the normal mode again 
after a shift to the power saving mode, restoring a time 
indicative condition of the time indicating device to the 
same time indicative condition as resulted in the case of 
operating the time indicating device continuously for a 2s 
period ol time elapsed from the shift to the power saving 
mode to the time of restoring to the normal mode. 
[0061 ] Also, the mode shift control step in the present 
invention is featured in shifting the operating mode to 
the power saving mode when an amount of power accu- 30 
mulated in the power supply device is not less than a 
predetermined amount of power which is set before- 
hand and corresponds to the amount of power for the 
restoring of the operating condition. 
[0062] Also, the mode shift control step in the present 35 
invention is featured in including a power-generation- 
state determining step of determining whether the 
power generator is in a state of generating power or not 
based on whether an electromotive voltage of the power 
generator is higher than a setting voltage set before- 40 
hand, and shifting the operating mode from the power 
saving mode to an indication mode, in which the time is 
indicated, in accordance with a result of the determina- 
tion when the power generator is brought into the state 
of generating power. <s 
[0063] Also, the mode shift control step in the present 
invention is featured in including a power-generation- 
state determining step of determining whether the 
power generator is in a state of generating power or not 
based on whether a power generation duration time of so 
the power generator is longer than a setting time set 
beforehand, and shifts the operating mode from the 
power saving mode to an indication mode, in which the 
time is indicated, in accordance with a result of the 
determination when the power generator is brought into 55 
the state of generating power. 

[0064] Also, the power saving mode in the present 
invention is featured in stopping the time indication in 



the time indicating device. 

[0065] Also, the time indicating device in the present 
invention is featured in comprising an hour- and rninute- 
hand driving device for driving hour and minute hands, 
and a second hand driving device for driving a second « 
hand, and the power saving mode is featured' in com- 
prising a first power saving mode in which operation of 
the second hand driving device is stopped, and a sec- 
ond power saving mode in which operations of the hour- ■ ' 
and minute-hand driving device and the second hand 
driving device are stopped. 

[0066] According to any of the above-described fea- 
tures of the present invention, when the electronic 
equipment is not carried with the user, or when the elec- 
tronic is not carried with the user and the power gener- 
ator is in the state of not generating power, the 
operating mode is shifted to the power saving mode. 
The electronic equipment (timepiece) is provided which 
can save energy while the user is Kept from feeling 
inconvenience. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0067] 



Fig. 1 is a diagram showing a schematic construc- 
tion of a timepiece according to a first embodiment 
and containing a motor and a power generator. 
Fig. 2 shows, in the form of a block diagram, a sche- 
matic construction of the timepiece shown in Fig. 1 . 
Fig. 3 is a flowchart showing a summary of a mode 
changing process in the timepiece shown in Fig. 1. 
Fig. 4 is a diagram showing a schematic construc- 
tion of a timepiece according to a second embodi- 
ment. 

Fig. 5 is a functional block diagram showing a con- 
struction of a control unit and thereabout according 
to the second embodiment. 
Fig. 6 is a circuit diagram of a power-generation- 
stale detecting portion according to the second 
embodiment. 

Fig. 7 is a timing chart for explaining the operation 
of a first detecting circuit according to the second 
embodiment. 

Fig. 8 is a timing chart for explaining the operation 
of a second detecting circuit according to the sec- 
ond embodiment. 

Fig. 9 is a conceptual view for explaining an electro- 
motive voltage produced depending on a difference 
in rotational speed of a power generating rotor and 
the relation of a detection signal with respect to the 
electromotive voltage in the second embodiment. 
Fig. 10 is a flowchart showing a summary of a 
mode setting step in the timepiece according to the 
second embodiment. 

Fig. 1 1 is a block diagram showing a construction of 
a power-generation-state detecting portion accord- 
ing to a modification of the second embodiment. 
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Fig. 12 is a block diagram of a power-generation- 
state detecting portion according to a third embodi- 
ment of the present invention. 
Fig. 13 is a timing chart of the power-generation- 
state detecting portion according to the third 
embodiment. 

Fig. 14 shows, in the form of a block diagram, a 
schematic construction of a timepiece shown in Fig. 
14. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0068] The present invention will be described below 
in more detail with reference to the drawings. 

[1] First Embodiment 

[1.1] Schematic Construction of Timepiece 

[0069] Fig. 1 shows a schematic construction of a 
timepiece 1 as one form of electronic equipment 
according to the first embodiment of the present inven- 
tion. 

[0070] In the timepiece 1 of the first embodiment, a 
stepping motor 10 is driven by a control device 20 to 
stepwisely rotate a second hand 61 , a minute hand 62, 
and an hour hand 63 through a wheel train 50. Electric 
power for driving the stepping motor 10, the control 
device 20. etc. is produced by a power generator 40. 
[0071] The power generator 40 for the timepiece 1 
comprises an AC power generator of electromagnetic 
induction type wherein a power generating rotor 43 is 
rotated within a power generating stator 42 to induce 
electric power in a power generating coil 44 connected 
to the power generating stator 42, the induced power 
being outputted to the outside. Further, in the timepiece 
1 of this embodiment, a rotating weight 45 is employed 
as a means for transmitting kinetic energy to the power 
generating rotor 43, and motion of the rotating weight 45 
is transmitted to the power generating rotor 43 through 
a speed-up gear 46. In the case of the timepiece 1 being 
of wristwatch type, the rotating weight 45 is swingable in 
the timepiece 1 upon capturing movement of the user's 
arm, for example. Thus, electric power can be gener- 
ated by utilizing energy in living environment of the user, 
and the timepiece 1 can be driven with the generated 
power. 

[0072] The power outputted from the power generator 
40 is subjected to half-wave rectification by a diode 47, 
and thereafter once accumulated in a large-capacity 
capacitor 48 which serves as a power supply device. 
Then, driving power for driving the stepping motor 10 is 
supplied from the large-capacity capacitor 48 to a driv- 
ing circuit 30 in the control device 20 through a voltage 
stepping-up and -down circuit 49. The voltage stepping- 
up and -down circuit 49 in this embodiment comprises a 
plurality of capacitors 49a, 49b and 49c for increasing 
and reducing a voltage in multiple steps. The voltage 



supplied to the driving circuit 30 can be adjusted by a 
control signal <|>1 1 from a control circuit 23 in the control 
device 20. Also, the output voltage of the voltage step- 
ping-up and -down circuit 49 is supplied to the control 

5 circuit 23 through a monitoring circuit 4>12. With such a 
circuit arrangement, the output voltage can be moni- 
tored, and the control device 20 can determine whether 
the power generator 40 is generating power or not 
based on a small increase and decrease of the output 

■10 voltage. 

[0073] The stepping motor 1 0 used in the timepiece 1 
of this first embodiment is a motor driven with a pulse 
signal. Such a motor is called a pulse motor, a stepping 
motor, a step-rotating motor or a digital motor, and is 

is employed as an actuator for a digital control device in 
many cases. Recently, stepping motors having smaller 
size and weight have been employed as actuators for 
many electronic devices or information equipment 
which are small in size and are suitable for being carried 

20 with users. Typical examples of those electronic devices 
are timepieces such as electronic watches, time 
switches, and chronographs. The stepping motor 1 0 in 
this embodiment is of PM type (permanent magnet 
rotating type) comprising a driving coil 1 1 for generating 

25 magnetic forces with driving pulses supplied from the 
control device 20, a stator 12 excited by the driving coil 
11, and a rotor 13 rotating under a magnetic field pro- 
duced within the stator 12, the rotor 13 being con- 
structed of a disk-shaped double-pole permanent 

30 magnet. Magnetic saturation portions 1 7 are provided in 
the stator 12 so that the magnetic forces generated by 
the driving coil 1 1 produce different magnetic poles in 
respective phases (poles) 15 and 16 around the rotor 
13. Also, for restricting the direction of rotation of the 

35 rotor 13, an inner notch 18 is formed in an appropriate 
position along an inner periphery of the stator 1 2 to gen- 
erate cogging torque, thereby stopping the rotor 1 3 in 
an appropriate position. 

[0074] The rotation of the rotor 13 of the stepping 
40 motor 10 is transmitted to respective hands by a wheel 
train 50 which comprises a 5th wheel 51 meshing with 
the rotor 13 through a pinion, a 4th (second) wheel 52, 
a 3rd wheel 53, a 2nd (center) wheel 54, a minute wheel 
55 and an hour wheel 56. A second hand 61 is con- 
45 nected to a shaft of the 4th wheel 52, a minute hand 62 
is connected to a shaft of the 2nd wheel 54, and an hour 
hand 63 is connected to a shaft of the hour wheel 56. 
With the rotation of the rotor 1 3, those hands are rotated 
to indicate the time. Of course, a transmission system 
so (not shown) for indicating a date, etc. can also be con- 
nected to the wheel train 50. 

[0075] In the timepiece 1 , to indicate the time with the 
rotation of the stepping motor 10, driving pulses are 
supplied to the stepping motor 10 while counting (clock- 
55 ing) a signal having a reference frequency. The control 
device 20 for controlling the stepping motor 10 in this 
embodiment comprises a pulse synthesis circuit 22 for 
generating reference pulses of the reference frequency 
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and pulse signals different in pulse width and timing by 
using a reference oscillation source 21 such as a quartz 
oscillator, and a control circuit 23 for controlling the 
stepping motor 10 in accordance with the various pulse 
signals supplied from the pulse synthesis circuit 22. 5 
Though described later in detail, the control circuit 23 
comprises a control circuit 23 for controlling the driving 
circuit and detecting the rotation, and is designed to be 
able to output pulses such as driving pulse supplied to 
the driving coil 1 1 through the driving circuit for driving 10 
the driving rotor 13 of the stepping motor 10, rotation 
detecting pulses supplied subsequent to the driving 
pulses to induce an induction voltage for detecting the 
rotation of the driving rotor 13, auxiliary pulses having 
large effective power to forcibly rotate the driving rotor 15 
13 when it is not rotated, and demagnetizing pulses 
having different magnetic poles and supplied subse- 
quent to the auxiliary pulses for demagnetization. 
[0076] The driving circuit 30 tor supplying various driv- 
ing pulses to the stepping motor 10 under control of the 20 
control circuit 23 comprises a bridge circuit made up of 
a p-channel MOS transistor 33a and an n-channel MOS 
transistor 32a which are connected in series, a p-chan- 
nel MOS transistor 33b, and an n-channel MOS transis- 
tor 32b. This circuit arrangement makes it possible to 25 
control the power supplied to the stepping motor 10 
from the large-capacity capacitor 48 as the power sup- 
ply device and the voltage stepping-up and -down circuit 
49. The driving circuit 30 further comprises rotation 
detecting resistors 35a and 35b connected respectively 30 
to the p-channel MOS transistors 33a and 33b in paral- 
lel, and p-channel MOS transistor 34a and 34b for sup- 
plying chopper pulses to the resistors 35a and 35b for 
the purpose of sampling. By applying control pulses, 
which are different in polarity and pulse width, at the 35 
respective timings from the control circuit 23 to gate 
electrodes of those MOS transistors 32a, 32b, 33a, 33b, 
34a and 34b, therefore, the driving pulses having differ- 
ent polarities can be supplied to the driving coil 1 1, or 
the detecting pulses for detecting the rotation of the 40 
rotor 13 and for exciting the induced voltage to detect a 
magnetic field can be supplied. 

[1.2] Schematic Functional Construction of Timepiece 

of First Embodiment *s 

[0077] Fig. 2 shows, in the form of a functional block 
diagram, a schematic construction of the timepiece 1 of 
the first embodiment. 

In the timepiece 1 of this embodiment, as described so 
above, a reference signal produced by the pulse synthe- 
sis circuit 22 is supplied to a driving control circuit 24. 
and the drive circuit 30 is operated under control of the 
driving control circuit 24 to drive the stepping motor 1 0 
for rotating the hands in a stepwise manner. 55 
[0078] Power is supplied to the control circuit 23 and 
the driving circuit 30 from the power supply device 48, 
and the power supply device 48 is charged with the 



power generated by the power generator 40. A voltage 
(electromotive voltage) Vgen on the output side of the 
power generator 40 is supplied to a power generation 
detecting circuit 91 in a mode setting section 90 of the 
control circuit 23, and the power generation detecting , 
circuit 91 is able to determine whether power is gener- 
ated by the power generator 40. The power generation 
detecting circuit 91 in this embodiment comprises a first 
detecting circuit 97 for comparing the electromotive volt- 
age Vgen with a setting value Vo and then determining 
whether power generation is detected, and a second 
detecting circuit 98 for comparing a power generation 
duration time Tgen, during which the electromotive volt- 
age Vgen not lower than a voltage Vbas fairly smaller 
than the setting value Vo is obtained, with a setting 
value To and then determining whether power genera- 
tion is detected. If any one of the conditions determined 
by the first and second detecting circuits 97 and 98 is 
satisfied, the power generation detecting circuit 91 
determines that power generation is detected. 
[0079] The mode setting section 90 further includes a 
voltage detecting circuit 92 capable of comparing an 
output voltage Vout of the large-capacity capacitor 48 as 
the power supply device with a setting value, and then 
determining a charged state of the large-capacity 
capacitor 48. Determination results from the power gen- 
eration detecting circuit 91 and the voltage detecting cir- 
cuit 92 are supplied to a central control circuit 93 having 
functions to control the mode setting section 90 and 
other components of the control circuit 23 for selectively 
setting one of a power saving mode to reduce power 
consumption and an indication mode to perform normal 
indication of the time. 

[0080] In this connection, the power saving mode 
means an operating mode in which the driving of the 
stepping motor 1 0 is stopped and the stepwise rotation 
of the hands is stopped. In such a condition, however, 
the reference oscillation source 21, the pulse synthesis 
circuit 22, the voltage detecting circuit 92, the mode set- 
ting section 90, etc. are kept in an operative state so that 
the operating mode can be switched over. 
[0081 ] The central control circuit 93 includes a non- 
power-gen eration time measuring circuit 99 for measur- 
ing a n on -power-gen eration time Tn during which power 
generation is not detected by the first and second 
detecting circuits 97 and 98. When the non -power-gen- 
eration time Tn exceeds a predetermined setting time, 
the operating mode shifts from the indication mode to 
the power saving mode. The set operating mode is 
stored in a mode storage 94, and the stored information 
is supplied to the driving control circuit 24, a time infor- 
mation storage 96, and a setting value changing portion 
95. Upon the shift from the indication mode to the power 
saving mode, the driving control circuit 24 stops supply 
of the pulse signal to the driving circuit 30. thereby stop- 
ping the driving circuit 30. Accordingly, the motor 10 
ceases rotation and the time indication is stopped. 
[0082] Also, upon the shift from the indication mode to 
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the power saving mode, the time information storage 96 
starts operation as a suspension time counter which 
receives the reference signal produced by the pulse 
synthesis circuit 22 and stores a duration time of the 
power saving mode. Then, upon the shift from the 
power saving mode to the indication mode, the time 
information storage 96 effects another function ot count- 
ing fast-forward pulses supplied from the driving control 
circuit 24 to the driving circuit 30 and causing the 
resumed time indication to be restored to the current 
time. 

[0083] The setting value changing portion 95 changes 
magnitudes of the setting values Vo and To of the first 
and second detecting circuits 97 and 98 in the power 
generation detecting circuit 91 upon the shift from the 
power saving mode to the indication mode. In this 
embodiment, setting values Va and Ta in the indication 
mode are set to be lower than setting values Vb and Tb 
in the power saving mode. In the indication mode, there- 
fore, the accuracy in detecting the power generation 
state is set to be higher (i.e., more sensitive or vivid). 
Thus, even with the voltage being low or the power gen- 
eration duration time being short, if a power generation 
output is obtained, it is determined that power genera- 
tion is detected, and the indication mode is maintained. 
On the other hand, in the power saving condition, the 
accuracy in detecting the power generation state is set 
to be lower (i.e., more insensitive or sluggish). Thus, 
when the relatively high electromotive voltage is 
obtained, or when the relatively long power generation 
duration time is obtained, it is determined that power 
generation is detected. Further, if the condition that the 
charged voltage is sufficient is satisfied, the operating 
mode shifts to the indication mode. 
[0084] Since the system supply voltage varies 
depending on the charged state, it is desired to gener- 
ate the setting voltage used for comparison and deter- 
mination of the electromotive voltage Vgen, etc. by 
using a constant- voltage circuit which generates a sta- 
ble voltage. Also, it is possible to employ, as a threshold 
(setting value), a voltage having a fixed difference with 
respect to the varying system source voltage. The fixed 
difference value can be determined, for example, by 
using a threshold Vth of a MOSFET which does not 
depend on the power supply voltage. 

[1.3] Mode Setting Steps 

[0085] Fig. 3 shows, in the form of a flowchart, a sum- 
mary of mode setting steps for carrying out a mode 
changing process in the timepiece of this embodiment. 
[0086] First, the current operating mode is determined 
in step 71. 

[0087] If the current operating mode is the power sav- 
ing mode, counting of the suspension time is continued 
by the time information storage 96 in step 74. Then, the 
setting values Vo and To in the voltage detecting circuit 
91 are set to the values Vb and Tb for the power saving 



mode in step 75. On the other hand, if the current oper- 
ating mode is the indication mode, the driving control 
circuit 24 controls the driving circuit 30 to produce the 
driving pulses and effects the time indication in step 72. 
5 Then, the setting values Vo and To in the voltage detect- 
ing circuit 91 are set to the values Va and Ta for the indi- 
cation mode in step 73. 

[0088] Next, a power generation level (electromotive 
voltage) is detected in step 76. 
io [0089] If it is determined in step 76 that the electromo- 
tive voltage is produced even though its level is small, 
the power generation duration time Tgen is counted up 
in step 77. 

[0090] Then, the power generation duration time Tgen 

15 is compared with the setting time To in step 78. If the 
power generation duration time Tgen is not less than 
the setting time To, processing goes to step 80 upon a 
decision that power generation is detected. 
[0091 ] If it is determined in step 78 that the power gen- 

so eration duration time Tgen does not reach the setting 
time To. the electromotive voltage Vgen is compared 
with the setting value Vo in step 79. If the electromotive 
voltage Vgen reaches the setting value Vo, processing 
goes to step 80 upon a decision that power generation 

25 is detected. 

[0092] In step 80, the mode is determined again. If the 
mode is not the power saving mode, the non-power- 
generation time Tn is cleared in step 81 . following which 
processing returns to step 71 and continues the time 

30 indication in step 72. 

[0093] Conversely, if the mode is the power saving 
mode, the voltage Vout of the power supply device 48 is 
determined in step 82. If the power supply device 48 is 
sufficiently charged, the mode is shifted from the power 

35 saving mode to the indication mode and the power sav- 
ing mode is cleared in step 83. 
[0094] If the power supply device 48 is not sufficiently 
charged as a result of determining the voltage Vout of 
the power supply device 48 in step 82. processing 

40 returns to step 71 again while the power saving mode is 
maintained, followed by repeating the process 
described above. 

[0095] When the time is indicated again upon the shift 
to the indication mode, the time indication is fast for- 

45 warded in accordance with the suspension time 
counted by the time information storage 96, and normal 
rotation of the hands per second is started after restor- 
ing to the current time. As a result, the user can know 
the precise time indicated after returning to the indica- 

so tion mode. 

[0096] On the other hand, if the electromotive voltage 
is not detected in step 76, or if the power generation 
duration time Tgen does not reach the setting time To 
and the electromotive voltage Vgen also does not reach 

55 the setting value Vo. processing goes to step 85 upon a 
decision that power generation is not detected, where 
the mode at that time is determined. In this respect, 
when the electromotive voltage is not detected in step 
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76, the power generation duration time Tgen is cleared [01 00] Moreover, in the timepiece 1 of the f irst embod- 

in step 84. If the mode is determined to be the power imerrt, the non-power-generation time Tn is measured; 

saving mode in step 85. processing returns to step 71 and the mode is not shifted to the power saving mode 

directly to continue counting-up of the suspension time. unless the non-power -generation time reaches the set- 

[0097] If the mode is determined to be the indication 5 ting time. Accordingly, it is possible to maintain the time , 

mode, the non-power-generation time Tn is counted up indication not only in the case where motion of the user 

in step 86. and whether a predetermined non-power- is stopped and power is not generated for a short time, 

generation time is continued or not is determined in step but also in the case where the user takes off the wrist- 

87. If the non-power-generation time Tn has elapsed, watch for a period of time as long as taken by a meeting., 

the mode is shifted from the indication mode to the io Also, the time maybe continuously indicated even when 

power saving mode in step 88, thereby starting the tne user takes off the wristwatch all night. As an alterna- 

power saving. In step 88, the operations of both the indi- tive, for the purpose of saving energy, the mode may be 

cation driving circuit 24 and the driving circuit 30 are shifted to the power saving mode if the user takes off the 

stopped to nullify power consumption of the motor 10, wristwatch for a period of about five minutes, 

and counting of the suspension time is started by the is 

time information storage 96. [1 .4] Advantages of First Embodiment 
[0098] Thus, in the timepiece 1 of this embodiment, 

the time indication is stopped or resumed depending on [01 01 ] With the timepiece 1 of this embodiment, as 
whether power is generated or not. As described above, described above, whether the timepiece is carried with 
the power generator 40 in this embodiment is such a 20 the user or not can be automatically determined based 
system that power is generated by capturing motion of on the power generation state. Then, the timepiece can 
the user s arm or vibration with the aid of the rotating sufficiently develop its function as a wristwatch or the 
weight 45. Accordingly, the fact that power generation is like by indicating the time when carried with the user, 
detected means that the timepiece is fitted on the user's and can suppress consumption of energy without indi- 
arm. or that the user carries the timepiece while putting 25 eating the time when not carried with the user, 
it in a pocket or the like. In view of the above, when [01 02] More specifically, when the hands are fast for- 
power generation is detected, the mode is shifted to the warded with shortened intervals of hand rotation for 
indication mode in which the time is indicated, upon a restoring the time indication to the current time, power 
decision that the timepiece is carried with the user. Con- consumption is increased in comparison with that in the 
versely, when power generation is not detected, the 30 indication mode (i.e., the normal operating mode), 
mode is shifted to the power saving mode in which the [01 03] However, when the above-described analog 
time is not indicated, upon a decision that the timepiece watch is used as the timepiece 1 and is operated with a 
is not carried with the user. As a result, the energy accu- 12-hour indication scheme, the hands take the same 
mulated in the large-capacity capacitor 48 can be indication state at a period of 12 hours. Accordingly, as 
saved. 35 the elapsed time in the power saving mode is pro- 
[0099] Further, in the timepiece 1 of the first embodi- longed, the power saving effect is increased and energy 
ment, it is determined that power generation is consumption can be suppressed more effectively. This 
detected, when the predetermined electromotive volt- is equally applied to the case where the timepiece is 
age Vgen is detected, and when power generation is operated with a 24-hour indication scheme and repeats 
continued for the predetermined time. Therefore, even 40 the same indication state at a period of 24 hours, 
when the mode is shifted to the power saving mode in a [01 04] To describe in more detail, assuming, for exam- 
condition of the timepiece being not carried with the pie. that power of about X [mW] is consumed when the 
user and power generation is then accidentally induced hands are driven in the indication mode for 1 2 hours, the 
for some reason, e.g.. vibration, the mode is kept from power required for driving the hands for 108 hours (12 x 
shifting to the indication mode if the electromotive volt- 45 9 hours) is about (X x 9) [W]. 

age is weak and the duration time is short. Useless con- [01 05] By contrast, assuming, tor example, that power 

sumption of energy can be thus prevented. On the other of about Y (> X) [W] is consumed when the timepiece is 

hand, in the indication mode, since the setting value Vo left standing in the power saving mode for 12 hours and 

is set to be lower than in the power saving mode, it is then restored to the current time, the power required for 

determined that power generation is detected, if the so restoring the hands to the current time after being left 

electromotive voltage is obtained even though the standing for 108 hours is also Y [W], Thus, the longer a 

detected electromotive voltage Vgen is somewhat low. period of time during which the timepiece is left standing 

As a result, the time indication is continued so long as in the power saving mode, the higher is the power sav- 

power is generated even at a low level. Also, in the indi- ing effect. 

cation mode, since the setting time To for the power 55 [0106] Accordingly, the power once charged in the 

generation duration time Tgen is also set to be shorter, large-capacity capacitor can be effectively utilized. Even 

the time indication is maintained so long as power is with the timepiece left standing for a long time, the time 

generated even for a short time. is not indicated and only the elapsed time is measured 
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during such a period of time. When the user wears the 
timepiece again, the time indication is resumed and 
restored to the current time, thereby indicating the pre- 
cise time. With no need of employing a capacitor being 
so large in capacity, therefore, a small size wristwatch or 5 
the like capable of clocking for a long time with good 
accuracy can be realized by incorporating, in place of a 
battery, a power generator and a capacitor having an 
appropriate capacity. Also, since the capacity of a 
capacitor is not required to be so large, a timepiece can to 
be realized which has a good start-up characteristic, 
and can resume the indication and restore to the current 
time as soon as power generation is started. In addition, 
with the timepiece of this embodiment, the user can 
always see the time regardless of surrounding condi- is 
tions even in a dark place, for example, when carried 
with the user, and therefore the user is completely free 
from inconvenience. 

[1 .5] Modifications of First Embodiment 20 
[1.5.1] First Modification 

[0107] While the above description has been made in 
connection with, by way of example, the timepiece indi- 25 
eating the time with the motor 10, the present invention 
is of course also applicable to another type of timepiece 
indicating the time with an LCD (Liquid Crystal Device), 
etc. In this modification, the time can be continuously 
counted for a long time while saving power consumed 30 
by the LCD, and the precise current time can be always 
displayed as required. 

[1.5.2] Second Modification 

35 

[0108] Further, the above description has been made 
as employing the power generation detecting circuit 91 
which includes both the first detecting circuit 97 for com- 
paring the electromotive voltage Vgen with the setting 
value Vo and then determining whether power genera- 40 
tion is detected, and the second detecting circuit 98 for 
comparing the power generation duration time Tgen, 
during which the electromotive voltage Vgen not lower 
than the voltage Vbas fairly smaller than the setting 
value Vo is obtained, with the setting value To and then 45 
determining whether power generation is detected. 
However, whether power is generated or not can be of 
course also determined by using one of the first and 
second detecting circuits 97 and 98. 

[0109] By providing the second detecting circuit 98, in so 
particular, whether the user wears the timepiece or not 
can be determined with higher reliability. 

[1.5.3] Third Modification 

55 

[0110] In the above description, as shown in Fig. 3, 
when the mode is in the indication mode, whether the 
predetermined non-power-generation time is continued 



or not is determined in step 87. If the counted non- 
power-generation time Tn has elapsed, the mode is 
shifted from the indication mode to the power saving 
mode, thereby starting the power saving. By contrast, in 
this third modification, the shift to the power saving 
mode is allowed only when the voltage of the large- 
capacity capacitor 48 as the power supply device is not 
less than a voltage sufficient for restoring the indication 
of the current time at the time of the shift from the power 
saving mode to the indication mode. 
[0111] More specifically, even if the counted non- 
power-generation time Tn exceeds the predetermined 
non -power-generation time, it is determined whether 
the voltage of the large-capacity capacitor 48 is not less 
than the voltage sufficient for restoring the time indica- 
tion (high-speed hand rotation to the current time) at the 
time of return to the indication mode. Then, the mode is 
shifted to the power saving mode if the capacitor voltage 
is not less than the voltage sufficient for restoring the 
indication of the current time at the time of return to the 
indication mode. 

[01 12] On the other hand, if the voltage of the large- 
capacity capacitor 48 is less than the voltage sufficient 
for restoring the indication of the current time at the time 
of return to the indication mode, the time indication, i.e., 
the indication mode, is continued in an indication mode 
for prompting the user to charge the capacitor 
[01 1 3] In this case, the indication mode for prompting 
the user to charge the capacitor is realized by setting 
intervals of hand rotation to two seconds, for example, 
when intervals of second-hand rotation are set to one 
second under normal hand driving. 
[01 14] As a result of the above construction, the user 
can easily understand that charging is not sufficient, 
and can forcibly charge the capacitor by forcibly shaking 
the timepiece. 

[1 .5.4] Fourth Modification 

[0115] In the above description, as shown in Fig. 3, 
the voltage Vout of the power supply device 48 is deter- 
mined in step 82. and if the capacitor is not sufficiently 
charged, the power saving mode is maintained. By con- 
trast, in this fourth modification, when the power supply 
device 48 is not sufficiently charged and the voltage 
Vout of the power supply device 48 is a voltage that is 
insufficient for restoring the indication of the current 
time, but sufficient for performing the normal hand driv- 
ing, the normal hand driving is resumed without restor- 
ing the indication of the current time. 
[01 16] As a result, because the normal hand driving is 
started, but the indication of the current time is not 
restored, the user can easily understand that charging 
is not sufficient, and can forcibly charge the capacitor by 
forcibly shaking the timepiece. 
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[2] Second Embodiment 

[0117] Next, a second embodiment according to the 
present invention will be described with reference to the 
drawings. 

[2.1] Entire Construction 

[0118] Fig. 4 shows a schematic construction of a 
timepiece 1 according to the second embodiment. In 
Fig. 4, similar components to those in the first embodi- 
ment of Fig. 1 are denoted by the same numerals. 
[0119] The timepiece 1 is a wristwatch, and when 
used, the user winds around the wrist a belt coupled to 
a timepiece body. The timepiece 1 of this embodiment 
mainly comprises a power generation unit A for generat- 
ing AC power, a power supply unit B for rectifying an AC 
voltage from the power generation unit A, accumulating 
the stepped-up voltage and supplying power to the 
associated components, a control unit C for detecting a 
power generation state of the power generation unit A 
(in a power-generation-state detecting portion 91 
described later) and controlling the entirety of the time- 
piece in accordance with a detection result, a hand 
rotating mechanism D for rotating hands stepwisely by 
using a stepping motor 10. and a driving unit E for driv- 
ing the hand operating mechanism D in accordance 
with a control signal from the control unit C. The control 
unit C switches over an operating mode depending on 
the power generation state of the power generation unit 
A between an indication mode in which the hand oper- 
ating mechanism D is driven to indicate the time, and a 
power saving mode in which supply of power to the 
hand rotating mechanism D is stopped for saving of 
power. Also, the shift from the power saving mode to the 
indication mode is forcibly made by the user gripping the 
timepiece 1 by the hand and shaking it. 
[0120] Those units will be described one by one 
below, but the control unit C will be described at the last 
with reference to a functional block diagram. 

[2.1.1] Power Generation Unit 

[0121] The power generation unit A will be first 
described. 

[0122] The power generation unit A comprises a 
power generator 40. a rotating weight 45 and a speed- 
up gear 46. 

[0123] The power generator 40 comprises an AC 
power generator of electromagnetic induction type 
wherein a power generating rotor 43 is rotated within a 
power generating stator 42 to induce electric power in a 
power generating coil 44 connected to the power gener- 
ating stator 42, the induced power being outputted to 
the outside. Also, the rotating weight 45 functions as a 
means for transmitting kinetic energy to the power gen- 
erating rotor 43. Then, motion of the rotating weight 45 
is transmitted to the power generating rotor 43 through 



the speed-up gear 46. In the case of the timepiece 1 
being of wristwatch type, the rotating weight 45 is swing- 
able in the timepiece 1 upon capturing movement of the 
user's arm, for example.. Thus, electric power can be 
s generated by utilizing energy in living environment of , 
the user, and the timepiece 1 can be driven with the 
generated power. 

[2.1 .2] Power Supply Unit 

10 

[01 24] Next, the power supply unit B will be described. 
[01 25] The power supply unit B comprises a diode 47 
acting as a rectifying circuit, a large -capacity capacitor 
48, and a voltage stepping-up and -down circuit 49. The 

is voltage stepping-up and -down circuit 49 comprises a 
plurality of capacitors 49a, 49b and 49c for increasing 
and reducing a voltage in multiple steps. The voltage 
supplied to the driving unit E can be adjusted by a con- 
trol signal $1 1 from the control unit C. Also, the output 

20 voltage of the voltage stepping-up and -down circuit 49 
is supplied to the control unit C with a monitoring signal 
$12 so that the output voltage can be monitored. Here, 
the power supply unit B takes Vdd (higher voltage side) 
as a reference potential (GND), and produces Vss 

25 (lower voltage side) as a supply source voltage. 

[2.1.3] Hand Rotating Mechanism 

[01 26] Next, the hand rotating mechanism D will be 

30 described. 

[01 27] The stepping motor 1 0 used in the hand rotat- 
ing mechanism D is a motor driven with a pulse signal. 
Such a motor is called a pulse motor, a stepping motor, 
a step-rotating motor or a digital motor, and is employed 

35 as an actuator for a digital control device in many cases. 
Recently, stepping motors having smaller size and 
weight have been employed as actuators for many elec- 
tronic devices or information equipment which are small 
in size and are suitable for being carried with users. Typ- 

40 ical examples of those electronic devices are time- 
pieces such as electronic watches, time switches, and 
chronographs. 

[2.1.3.1] Stepping Motor 

45 

[0128] The stepping motor 10 in this second embodi- 
ment comprises a driving coil 1 1 for generating mag- 
netic forces with driving pulses supplied from the driving 
unit E, a stator 1 2 excited by the driving coil 1 1 . and a 

so rotor 13 rotating under a magnetic field produced within 
the stator 12. Also, the stepping motor 10 is of PM type 
(permanent magnet rotating type) wherein the rotor 13 
is constructed of a disk-shaped double-pole permanent 
magnet. Magnetic saturation portions 17 are provided in 

55 the stator 12 so that the magnetic forces generated by 
the driving coil 11 produce different magnetic poles in 
respective phases (poles) 1 5 and 1 6 around the rotor 
1 3. Further, for restricting the direction of rotation of the 
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rotor 13, an inner notch 18 is formed in an appropriate 
position along an inner periphery of the stator 1 2 to gen- 
erate cogging torque, thereby stopping the rotor 13 in 
an appropriate position. 

[0129] The rotation of the rotor 13 of the stepping 
motor 10 is transmitted to respective hands by a wheel 
train 50 which comprises a 5th wheel 51 meshing with 
the rotor 13 through a pinion, a 4th (second) wheel 52, 
a 3rd wheei 53, a 2nd (center) wheel 54, a minute wheel 
55 and an hour wheel 56. A second hand 61 is con- 
nected to a shaft of the 4th wheel 52, a minute hand 62 
is connected to a shaft of the 2nd wheel 54, and an hour 
hand 63 is connected to a shaft of the hour wheel 56. 
With the rotation of the rotor 13, those hands are rotated 
to indicate the time. Of course, a transmission system 
(not shown) for indicating a date, etc. can also be con- 
nected to the wheel train 50. 

[2.1.4] Driving Unit 

[0130] Next, the driving unit E supply various driving 
pulses to the stepping motor 10 under control of the 
control unit C. The driving unit E comprises a bridge cir- 
cuit made up of a p-channel MOS transistor 33a and an 
n-channel MOS transistor 32a which are connected in 
series, a p-channel MOS transistor 33b, and an n-chan- 
nel MOS transistor 32b. The driving unit E further com- 
prises rotation detecting resistors 35a and 35b 
connected respectively to the p-channel MOS transis- 
tors 33a and 33b in parallel, and p-channel MOS tran- 
sistor 34a and 34b for supplying chopper pulses to the 
resistors 35a and 35b for the purpose of sampling. By 
applying control pulses, which are different in polarity 
and pulse width, at the respective timings from the con- 
trol unit C to gate electrodes of those MOS transistors 
32a, 32b, 33a, 33b, 34a and 34b, therefore, the driving 
pulses having different polarities can be supplied to the 
driving coil 1 1 , or the detecting pulses for detecting the 
rotation of the rotor 13 and for exciting the induced volt- 
age to detect a magnetic field can be supplied. 

[2.1.5] Control Unit 

[01 31 ] Next, the construction of the control unit C will 
be described with reference to Fig. 5. Fig. 5 is a func- 
tional block diagram of the control unit C and therea- 
bout. The control unit C comprises a pulse synthesis 
circuit 22, a mode setting section 90, a time information 
storage 96. and a driving control circuit 24. 
[0132] First, the pulse synthesis circuit 22 is made up 
of an oscillation circuit for oscillating reference pulses of 
stable frequency by using a reference oscillation source 
21 such as a quartz oscillator, and a synthesis circuit for 
synthesizing frequency-divided pulses, obtained by fre- 
quency division of the reference pulse, and the refer- 
ence pulse to produce various pulse signals which are 
different in pulse width and timing. 
[0133] Then, the mode setting section 90 is made up 



of a power-generation-state detecting portion 91, a set- 
ting value changing portion 95 for changing setting val- 
ues employed to detect the power generation state, a 
voltage detecting circuit 92 for detecting a charged volt- 

5 age Vc of the large-capacity capacitor 48, a central con- 
trol circuit 93 for controlling a time indication mode 
depending on the power generation state and control- 
ling a voltage step-up factor based on the charged volt- 
age, and a mode storage 94 for storing the mode. 

10 [0134] The power-generation -state detecting portion 
91 comprises a first detecting circuit 97 for comparing 
an electromotive voltage Vgen of the power generator 
40 with a setting voltage value Vo and then determining 
whether power generation is detected, and a second 

is detecting circuit 98 for comparing a power generation 
duration time Tgen, during which the electromotive volt- 
age Vgen not lower than a setting voltage value Vbas 
fairly smaller than the setting voltage value Vo is 
obtained, with a setting time value To and then deter- 
ge mining whether power generation is detected. If any one 
of the conditions determined by the first and second 
detecting circuits 97 and 98 is satisfied, the power-gen- 
eration-state detecting portion 91 determines that 
power generation is detected. In this connection, the 

25 setting voltage values Vo and Vbas are each a negative 
voltage with Vdd (- GND) being as a reference, and 
represents a potential difference from Vdd. Construc- 
tions of the first and second detecting circuits 97 and 98 
will be described later. 

30 [01 35] Here, the setting voltage value Vo and the set- 
ting time value To can be controlled to change selec- 
tively by the setting value changing portion 95. Upon the 
shift from an indication mode to a power saving mode, 
the setting value changing portion 95 changes the mag- 

35 nitudes of the setting values Vo and To of the first and 
second detecting circuits 97 and 98 in the power gener- 
ation detecting circuit 91. In this embodiment, setting 
values Va and Ta in the indication mode are set to be 
lower than setting values Vb and Tb in the power saving 

40 mode. Therefore, the shift from the power saving mode 
to the indication mode requires large power to be gener- 
ated. A required level of the generated power is not 
enough at such a level as generated when the time- 
piece 1 is usually carried with the user, but must be such 

45 a high level as generated when the user tries to forcibly 
charge the capacitor by shaking the wrist. In other 
words, the setting values Vb and Tb in the power saving 
mode are set to be able to detect forcible charging. 
[01 36] Further, the central control circuit 93 includes a 

so non-power-generation time measuring circuit 99 for 
measuring a non-power-generation time Tn during 
which power generation is not detected by the first and 
second detecting circuits 97 and 98. When the non- 
power-generation time Tn exceeds a predetermined 

55 setting time, the operating mode shifts from the indica- 
tion mode to the power saving mode. Conversely, the 
shift from the power saving mode to the indication mode 
is effected when the following conditions are satisfied; 
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i.e., that the power generation unit A is in the state of 
generating power is detected by the power-generation- 
state detecting portion 91, and the charged voltage VC 
of the large-capacity capacitor 48 is sufficient. 
[0137] Since the power supply unit B in this embodi- 5 
ment includes the voltage stepping-up and -down circuit 
49, the hand rotating mechanism D can be driven by 
boosting the supply source voltage with the voltage 
stepping-up and -down circuit 49 even when the 
charged voltage VC is in a relatively low condition. Thus io 
the central control circuit 93 determines the voltage 
step-up factor based on the charged voltage VC and 
controls the voltage stepping-up and -down circuit 49. 
[0138] However, if the charged voltage VC is too low, 
the supply source voltage capable of operating the hand 75 
rotating mechanism D cannot be obtained even after 
being stepped up. If the mode is shifted from the power 
saving mode to the indication mode in such a case, the 
precise time indication cannot be achieved and extra 
power is consumed. so 
[0139] Taking into account the above point, in this 
embodiment, the charged voltage VC is compared with 
a setting voltage value Vc set beforehand, to thereby 
determine that the charged voltage VC is sufficient To 
satisfy this determination is additional one condition for 25 
allowing the shift from the power saving mode to the 
indication mode. 

[0140] The thus-set mode is stored in the mode stor- 
age 94, and the stored information is supplied to the 
driving control circuit 24, the time information storage 30 
96, and the setting value changing portion 95. Upon the 
shift from the indication mode to the power saving 
mode, the driving control circuit 24 stops supply of the 
pulse signal to the driving unit E, thereby stopping the 
operation of the driving unit E. Accordingly, the motor 10 35 
ceases rotation and the time indication is stopped. 
[0141] Next, the time information storage 96 is made 
up of a counter and a memory (though not shown). The 
time information storage 96 receives the reference sig- 
nal produced by the pulse synthesis circuit 22 and starts <o 
time counting upon the shift from the indication mode to 
the power saving mode, and finishes the time counting 
upon the shift from the power saving mode to the indica- 
tion mode. As a result, a duration time during which the 
power saving mode is maintained is measured. The 45 
duration time of the power saving mode is stored in the 
memory. Further, upon the shift from the power saving 
mode to the indication mode, the time information stor- 
age 96 counts fast-forward pulses supplied from the 
driving control circuit 24 to the driving unit E by using the so 
counter, and when the counted value reaches a value 
corresponding to the duration time of the power saving 
mode, the storage 96 produces a control signal to stop 
delivery of the fast-forward pulses and supplies the con- 
trol signal to the driving unit E. Accordingly, the time ss 
information storage 96 also has a function of causing 
the resumed time indication to be restored to the current 
time. Incidentally, the contents of both the counter and 



the memory are reset at the timing of the shift from the 
indication mode to the power saving mode. 
[01 42] Next, the driving control circuit 24 produces the 
driving pulses depending on the mode on the basis of 
the pulses outputted from the pulse synthesis circuit 22. 
First, in the power saving mode, the driving control cir- 
cuit 24 stops the supply of the driving pulses. Then, 
immediately after the shift from the power saving mode 
to the indication mode, the driving control circuit 24 sup- 
plies, as the driving pulses, fast-forward pulses with 
shorter pulse intervals for causing the resumed time 
indication to be restored to the current time. Then, after 
finishing the supply of the fast-forward pulses, the driv- 
ing control circuit 24 supplies the driving pulses with 
normal pulse intervals to the driving unit E. 

[2.1.6] Power-Generation- State Detecting Portion 

[01 43] Next, the construction of the power-generation- 
state detecting portion 91 will be described with refer- 
ence to the drawing. 

[0144] Fig. 6 is a circuit diagram of the power-genera- 
tion-state detecting portion 91. 

[0145] In Fig. 6, the first detecting circuit 97 produces 
a voltage detecting signal Sv which assumes a high 
level when the magnitude of electromotive voltage Vgen 
exceeds above a predetermined voltage, and a tow level 
when it exceeds below the predetermined voltage. On 
the other hand, the second detecting circuit 98 pro- 
duces a power-gene rati on -duration-time detecting sig- 
nal St which assumes a high level when the power 
generation duration time exceeds above a predeter- 
mined time, and a low level when it exceeds below the 
predetermined time. Also, the logical sum of the voltage 
detecting signal Sv and the power-generation -duration- 
time detecting signal St is calculated by an OR circuit 
975, and is then supplied as a power-generation-state 
detecting signal S to the central control circuit 93. The 
power-generation -state detecting signal S indicates the 
state of generating power when it assumes a high level, 
and the state of not generating power when it assumes 
a low level. Accordingly, as described above, if any one 
of the conditions determined by the first and second 
detecting circuits 97 and 98 is satisfied, the power-gen- 
eration-state detecting portion 91 determines that 
power is generated. The first detecting circuit 97 and the 
second detecting circuit 98 will be described below in 
detail. 

[2.1.6.1] First Detecting Circuit 

[2.1.6.1.1] Construction of First Detecting Circuit 

[0146] In Fig. 6. the first detecting circuit 97 is mainly 
made up of a comparator 971, reference voltage 
sources 972, 973 for generating a constant voltage, a 
switch SWl, and a retriggerable mono-multivibrator 
974. A value of the voltage generated by the reference 
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voltage source 972 is equal to the setting voltage value 
Va in the indication mode, whereas a value of the volt- 
age generated by the reference voltage source 973 is 
equal to the setting voltage value Vb in the power saving 
mode. The reference voltage sources 972, 973 are con- 
nected to a positive input terminal of the comparator 
971 through the switch SW1 . The switch SW1 is control- 
led by the setting value changing portion 95 such that 
the reference voltage source 972 is connected to the 
positive input terminal of the comparator 971 in the indi- 
cation mode, and the reference voltage source 973 is 
connected to the positive input terminal of the compara- 
tor 971 in the power saving mode. Also, the electromo- 
tive voltage Vgen generated in the power generation 
unit A is supplied to an negative input terminal of the 
comparator 971. Thus, the comparator 971 compares 
the electromotive voltage Vgen with the setting voltage 
value Va or the setting voltage value Vb, and produces 
a comparison result signal which assumes a high level 
when the electromotive voltage Vgen is less than those 
setting voltage values (namely, has a larger amplitude), 
and which assumes a low level when the electromotive 
voltage Vgen is more than those setting voltage values 
(namely, has a smaller amplitude). 
[0147] The retriggerabie mono-multivibrator 974 pro- 
duces a signal which is triggered so as to rise from a low 
level to a high level by a rising edge generating at the 
time when the comparison result signal rises from a low 
level to a high level, and which rises from a low level to 
a high level after a predetermined time has elapsed. 
Also, when triggered again before the predetermined 
time elapses, the retriggerabie mono-multivibrator 974 
resets the counted time and newly starts counting time. 

[2.1.6.1.2] Operation of First Detecting Circuit 

[0148] Next, the operation of the first detecting circuit 
97 will be described with reference to Fig. 7. 
[0149] Fig. 7 is a timing chart for the first detecting cir- 
cuit 97. 

[0150] Fig. 7(a) shows the waveform of an electromo- 
tive voltage Vgen resulted after half-wave rectification 
by the diode 47. In this embodiment, it is assumed that 
the setting voltage values Va and Vb are set to levels 
shown in Fig. 7(a). Letting the current mode be the indi- 
cation mode, the switch SW1 selects the reference volt- 
age source 972 and supplies the setting voltage value 
Va to the comparator 971. 

[0151] Then, the comparator 971 compares the set- 
ting voltage values Va and the electromotive voltage 
Vgen shown in Fig. 7(a), and produces the comparison 
result signal shown in Fig. 7(b). In this case, the retrig- 
gerabie mono-multivibrator 974 is triggered to rise from 
a low level to a high level in synch with a rising edge of 
the comparison result signal which generates at the 
time tl (see Fig. 7(c)). 

[0152] Here, a delay time Td of the retriggerabie 
mono-multivibrator 974 is shown in Fig. 7(b). In this 



case, because a period of time from one edge e1 to a 
next edge e2 is shorter than the delay time Td, the volt- 
age detecting signal Sv maintains a high level. 
[01 53] On the other hand, letting the current mode be 

5 the power saving mode, the switch SW1 selects the ref- 
erence voltage source 973 and supplies the setting volt- 
age value Vb to the comparator 971. In this 
embodiment, because the electromotive voltage Vgen 
does not exceed the setting voltage value Vb. the retrig- 

io gerable mono-multivibrator 974 is not triggered. Accord- 
ingly, the voltage detecting signal Sv maintains a low 
level. 

[01 54] Thus, the first detecting circuit 97 compares the 
electromotive voltage Vgen with the setting voltage 
is value Va or Vb, thereby producing the voltage detecting 
signal Sv. 

[2.1.6.2] Second Detecting Circuit 

so [2.1 .6.2.1] Construction of Second Detecting Circuit 

[01 55] In Fig. 6, the second detecting circuit 98 is 
made up of an integrating circuit 981. a gate 982, a 
counter 983, a digital comparator 984, and a switch 
25 SW2. 

[01 56] First, the integrating circuit 981 is made up of a 
MOS transistor 2. a capacitor 3, a pull-up resistor 4. and 
an inverter circuit 5. The electromotive voltage Vgen is 
connected to a gate of the MOS transistor 2, whereby 
30 the MOS transistor 2 repeats on- and off -operations in 
accordance with the electromotive voltage Vgen to con- 
trol charging of the capacitor 3. Ha switching means is 
constructed of a MOS transistor, the integrating circuit 
981 including the inverter circuit 5 can be constructed of 
35 an inexpensive CMOSIC. However, those switching ele- 
ment and voltage detecting means may be constructed 
of bipolar transistors. The pull-up resistor 4 serves to fix 
a voltage value V3 of the capacitor 3 to the potential Vss 
in the state of not generating power, and also to gener- 
ic ate a leak current the state of not generating power. The 
pull-up resistor 4 has a high resistance value on the 
order of several tens to several hundreds Mn, and may 
be constructed of a MOS transistor having a large 
resistance at turning-on. The inverter circuit 5 con- 
45 nected to the capacitor 3 determines the voltage value 
V3 of the capacitor 3. The inverter circuit 5 outputs a 
detection signal Vout. Here, a threshold of the inverter 
circuit 5 is set to a setting voltage value Vbas that is 
fairly smaller than the setting voltage value Vo used in 
so the first detecting circuit 97. 

[0157] The reference signal supplied from the pulse 
synthesis circuit 22 and the detection signal Vout are 
supplied to the gate 982. Accordingly, the counter 983 
counts the reference signal during a period in which the 
55 detection signal Vout maintains a high level. A counted 
value is supplied to one input of the digital comparator 
983. Also, the setting time value To corresponding to the 
setting time is supplied to the other input of the digital 
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comparator 983. When the current mode is the indica- 
tion mode, the setting time value Ta is supplied through 
the switch SW2, and when the current mode is the 
power saving mode, the setting time value 7b is sup- 
plied through the switch SW2. Additionally, the switch 5 
SW2 is controlled by the setting value changing portion 
95. 

[0158] The digital comparator 984 outputs the com- 
parison result signal, as a power-generation-duration- 
time detecting signal St, in synch with a falling edge of 10 
the detection signal Vout The power-generation -dura- 
tion-time detecting signal St assumes a high level when 
the duration time exceeds above the setting time, and a 
low level when the duration time exceeds below the set- 
ting time. is 

[2.1 .6.2.2] Operation of Second Detecting Circuit 

[0159] Next, the operation of the second detecting cir- 
cuit 98 will be described with reference to Fig. 8. so 
[0160] Fig. 8 is a timing chart for explaining the oper- 
ation of the second detecting circuit 98. 
[0161] When generation of AC power shown in Fig. 
8(a) is started in the power generation unit A, the power 
generator 40 produces an electromotive voltage Vgen ss 
shown in Fig. 8(b) through the diode 47. When a voltage 
value of the electromotive voltage Vgen falls from Vdd 
down to Vss after the start of power generation, the 
MOS transistor 2 is turned on to start charging of the 
capacitor 3. The potential at V3 is fixed to the Vss side 30 
by the pull-up resistor 4 in the state of not generating 
power, but begins to rise toward the Vdd side when the 
charging of the capacitor 3 starts subsequent to the 
power generation. Then, when the value of the electro- 
motive voltage Vgen increases toward Vss and the 35 
MOS transistor 2 is turned off, the charging of the 
capacitor 3 is stopped, but the potential at V3 is held at 
the same level as shown in Fig. 8(c). The above opera- 
tion is repeated during a period in which the power gen- 
eration is continued, and the potential at V3 is stabilized *o 
after rising to Vdd. When the potential at V3 rises above 
the threshold of the inverter circuit 5, the detection sig- 
nal Vout as an output of the inverter circuit 5' shifts from 
a low level to a high level, whereupon the power gener- 
ation is detected. A response time to the detection of 45 
power generation can be optionally set by connecting a 
current limiting resistor, or changing a capability of the 
MOS transistor to adjust the value of a charging current 
to the capacitor 3, or changing the capacity value of the 
capacitor 3. so 
[0162] When the power generation is stopped, the 
electromotive voltage Vgen is stabilized at the Vdd level 
and therefore the MOS transistor 2 is kept in an off- 
state. The voltage at V3 is continuously held for a while 
by the capacitor 3, but the charges in the capacitor 3 55 
escapes due to a slight leak current through the pull-up 
resistor 4. Accordingly, V3 starts to gradually fall from 
Vdd toward Vss. Then, when V3 falls below the thresh- 



old of the inverter circuit 5. the detection signal Vout as 
an output of the inverter circuit 5* shifts from a high level 
to a low level, whereupon it is detected that power is not 
generated (see Fig. 8(d)). A response time to the detec- 
tion of non-power generation can be optionally set by 
changing the resistance value of the pull-up resistor 4 to 
adjust a leak current from the capacitor 3. 
[0163] Gating the reference signal by the detection 
signal Vout produces a signal shown in Fig. 8(e), and 
the produced signal is counted by the counter 983. A 
counted value is compared in the digital comparator 984 
with the value corresponding to the setting time at tim- 
ing T1 . Here, if a high level period Tx of the detection 
signal Vout is longer than the setting time value To, the 
power-generation-duration-time detecting signal St 
changes from a low level to a high level at the timing T1 
as shown in Fig. 8(f)- 

[0164] The electromotive voltage Vgen produced 
depending on a difference in rotational speed of the 
power generating rotor 43 and the detection signal Vout 
resulted from the electromotive voltage Vgen will now 
be described with reference to Fig. 9. 
[01 65] Fig. 9 is a conceptual view for explaining the 
electromotive voltage Vgen produced depending on a 
difference in rotational speed of the power generating 
rotor 43 and the relation of the detection signal Vout with 
respect to the electromotive voltage Vgen. 
[0166] In particular, Fig. 9(a) represents the case 
where the rotational speed of the power generating 
rotor 43 is small, and Fig. 9(b) represents the case 
where the rotational speed of the power generating 
rotor 43 is large. A voltage level and cycle (frequency) of 
the electromotive voltage Vgen change depending on 
the rotational speed of the power generating rotor 43. In 
other words, the higher the rotational speed, the larger 
is the amplitude of the electromotive voltage Vgen and 
the shorter is the cycle thereof. Therefore, the length of 
an output holding time (power generation duration time) 
of the detection signal Vout changes depending on the 
rotational speed of the power generating rotor 43, i.e., 
the intensity of power generation. Specifically, when the 
motion is small as shown in Fig. 9(a), the output holding 
time is ta. and when the motion is large shown in Rg. 
9(b), the output holding time is tb. The relationship 
between ta and tb is ta < tb. The intensity of power gen- 
eration in the power generator 40 can be determined 
from the length of the output holding time of the detec- 
tion signal Vout. 

[2.2] Operation of Timepiece 

[0167] Next, mode setting steps for carrying out a 
mode changing process in the timepiece 1 of this sec- 
ond embodiment will be described. 
[01 68] Fig. 1 0 is a f bwchart showing a summary of 
the mode setting steps. 

[01 69] First, the current mode is determined in step 
71. If the current mode is under power saving, counting 
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of the suspension time is continued by the time informa- 
tion storage 96 in step 74. Then, the setting values Vo 
and To in the voltage detecting circuit 91 are set to the 
values Vb and Tb for the power saving mode in step 75. 
On the other hand, if the current mode is the indication 
mode, the driving control portion 24 controls the driving 
circuit 30 to produce the driving pulses and effects the 
time indication in step 72. Then, the setting values Vo 
and To in the power-gene ration -state detecting portion 
91 are set to the values Va and Ta for the indication 
mode in step 73. 

[0170] Next, a power generation level (electromotive 
voltage) is detected in step 76. If it is determined in step 
76 that the electromotive voltage is produced even 
though its level is small, the power generation duration 
time Tgen is counted up in step 77. Then, the power 
generation duration time Tgen is compared with the set- 
ting time To in step 78. If the power generation duration 
time Tgen is not less than the setting time To, process- 
ing goes to step 80 upon a decision that power genera- 
tion is detected. If it is determined in step 78 that the 
power generation duration time Tgen does not reach 
the setting time To, the electromotive voltage Vgen is 
compared with the setting value Vo in step 79. If the 
electromotive voltage Vgen reaches the setting value 
Vo, processing goes to step 80 upon a decision that 
power generation is detected. In step 80, the mode is 
determined again. If the mode is not the power saving 
mode, the n on -power-generation time Tn is cleared in 
step 81 , following which processing returns to step 71 
and continues the time indication in step 72. Con- 
versely, if the mode is the power saving mode, the 
charged voltage VC of the power supply unit B is deter- 
mined in step 82. If the power supply unit B is suffi- 
ciently charged, the mode is shifted from the power 
saving mode to the indication mode and the power sav- 
ing mode is cleared in step 83. When the time is indi- 
cated again upon the shift to the indication mode, the 
time indication is fast forwarded in accordance with the 
suspension time counted by the time information stor- 
age 96, and normal rotation of the hands per second is 
started after restoring to the current time, as described 
above. As a result, the user can know the precise time 
indicated after returning to the indication mode. 
[0171 ] On the other hand, if the electromotive voltage 
is not detected in step 76, or if the power generation 
duration time Tgen does not reach the setting time To 
and the electromotive voltage Vgen also does not reach 
the setting value Vo. processing goes to step 85 upon a 
decision that power generation is not detected, where 
the mode at that time is determined. In this respect, 
when the electromotive voltage is not detected in step 
76, the power generation duration time Tgen is cleared 
in step 84. If the mode is determined to be the power 
saving mode in step 85, processing returns to step 71 
directly to continue counting-up of the suspension time. 
If the mode is determined to be the indication mode, the 
non -power-generation time Tn is counted up in step 86, 



and whether a predetermined non -power-generation 
time is continued or not is determined in step 87. If the 
non-power-generation time Tn has elapsed, the mode is 
shifted from the indication mode to the power saving 

5 mode in step 88, thereby starting the power saving. In 
step 88, the operations of both the indication driving cir- 
cuit 24 and the driving circuit 30 are stopped to nullity 
power consumption of the motor 10. and counting of the 
suspension time is started by the time information stor- 

10 age 96. 

[2.3] Advantages of Second Embodiment 

[0172] Thus, in the timepiece 1 of this embodiment, 

is the time indication is stopped or resumed depending on 
whether power is generated or not. As described above, 
the power generator 40 in this embodiment is such a 
system that power is generated by capturing motion of 
the user's arm or vibration with the aid of the rotating 

so weight 45. Accordingly, the fact that power generation is 
detected means that the timepiece is fitted on the user's 
arm, or that the user carries the timepiece while putting 
it in a pocket or the like. In view of the above, when 
power generation is detected, the mode is shifted to the 

25 indication mode in which the time is indicated, upon a 
decision that the timepiece is carried with the user. Con- 
versely, when power generation is not detected, the 
mode is shifted to the power saving mode in which the 
time is not indicated, upon a decision that the timepiece 

30 is not carried with the user. As a result, the energy accu- 
mulated in the large-capacity capacitor 48 can be 
saved. 

[0173] Further, in the timepiece 1 of the second 
embodiment, it is determined that power generation is 

35 detected, when the predetermined electromotive volt- 
age Vgen is detected, and when power generation is 
continued for the predetermined time. 
[01 74] Therefore, even when the mode is shifted to 
the power saving mode in a condition of the timepiece 

40 being not carried with the user and power generation is 
then accidentally induced for some reason, e.g.. vibra- 
tion, the mode is kept from shifting to the indication 
mode if the electromotive voltage is weak and the dura- 
tion time is short. Useless consumption of energy can 

45 be thus prevented. On the other hand, in the indication 
mode, since the setting value Vo is set to be lower than 
in the power saving mode, it is determined that power 
generation is detected, rf the electromotive voltage is 
obtained even though the detected electromotive volt- 

so age Vgen is somewhat low. As a result, the time indica- 
tion is continued so long as power is generated even at 
a low level. Also, in the indication mode, since the set- 
ting time To for the power generation duration time Tgen 
is also set to be shorter, the time indication is main- 

55 tained so long as power is generated even for a short 
time. 

[0175] Moreover, in the timepiece 1 of the second 
embodiment, the non-power-generation time Tn is 
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measured, and the mode is not shifted to the power sav- 
ing mode unless the non-power-generation time 
reaches the setting time. 

[01 76] Accordingly, it is possible to maintain the time 
indication not only in the case where motion of the user 5 
is stopped and power is not generated for a short time, 
but also in the case where the user takes off the wrist- 
watch for a period of time as long as taken by a meeting. 
Also, the time may be continuously indicated even when 
the user takes off the wristwatch all night. As an alterna- 10 
five, for the purpose of saving energy, the mode may be 
shifted to the power saving mode if the user takes off the 
wristwatch for a period of about five minutes. 
[0177] As described above, with the timepiece 1 of 
this second embodiment, whether the timepiece is car- is 
ried with the user or not can be automatically deter- 
mined based on the power generation state. Then, the 
timepiece can sufficiently develop its function as a wrist- 
watch or the like by indicating the time when carried with 
the user, and can suppress consumption of energy with- 20 
out indicating the time when not carried with the user. 
Accordingly, the power once charged in the large- 
capacity capacitor 48 can be effectively utilized. Even 
with the timepiece left standing for a long time, the time 
is not indicated and only the elapsed time is measured 25 
during such a period of time. When the user wears the 
timepiece again, the time indication is resumed and 
restored to the current time, thereby indicating the pre- 
cise time. With no need of employing a capacitor being 
so large in capacity, therefore, a small size wristwatch or 30 
the like capable of clocking for a long time with good 
accuracy can be realized by incorporating, in place of a 
battery, a power generator and a capacitor having an 
appropriate capacity. Also, since the capacity of a 
capacitor is not required to be so large, a timepiece can 35 
be realized which has a good start-up characteristic, 
and can resume the indication and restore to the current 
time as soon as power generation is started. In addition, 
with the timepiece of this embodiment, the user can 
always see the time regardless of surrounding condi- 40 
tions even in a dark place, for example, when carried 
with the user, and therefore the user is completely free 
from inconvenience. 



[2.4] Modifications of Second Embodiment 
[2.4.1] First Modification 



45 



98. The current-to-voltage converter 100 is made up of 
a current detecting resistor R and an operational ampli- 
fier OP for detecting a potential difference across the 
resistor Ft. 

[2.4.2] Second Modification 

[01 80] Further, the above description of the second 
embodiment has been made as employing the power 
generation state detecting portion 91 which includes 
both the first detecting circuit 97 for comparing the elec- 
tromotive voltage Vgen with the setting value Vo and 
then determining whether power generation is detected, 
and the second detecting circuit 98 for comparing the 
power generation duration time Tgen, during which the 
electromotive voltage Vgen not lower than the voltage 
Vbas fairly smaller than the setting value Vo is obtained, 
with the setting value To and then determining whether 
power generation is detected. However, whether power 
is generated or not can be of course also determined by 
using one of the first and second detecting circuits 97 
and 98. 

[3] Third Embodiment 

[01 81 ] Next, a timepiece according to a third embodi- 
ment of the present invention will be described. 
[01 82] The timepiece of the third embodiment is simi- 
larly constructed as the timepiece of the second embod- 
iment except the construction of the power generation 
state detecting portion 91 . 

[01 83] Meanwhile, the frequency of power generated 
in the power generation unit A changes depending on 
the intensity of power generation. For example, when 
the timepiece 1 put on a desk is slightly moved by some 
accident, the frequency of the generated power is low, 
but when the user is walking while wearing the time- 
piece 1 on the wrist, the frequency of the generated 
power is increased. Also, when the user tries to charge 
the timepiece 1 by shaking the wrist, the frequency of 
the generated power is further increased. This embodi- 
ment has been made in view of the above point, and 
intends to detect the power generation state based on 
the frequency of the generated power. 

[3.1] Construction of Power-Generation- State Detecting 
Portion 



[01 78] In the above description of the second embod- 
iment, the power-generation-state detecting portion 91 so 
detects the power generation state based on the elec- 
tromotive voltage Vgen from the power generation unit 
A. However, the power generation state may be 
detected in the power supply unit B based on a charging 
current flowing into the large-capacity capacitor 48. 55 
[0179] In this case, as shown in Fig. 1 1 , a curreni-to- 
voltage converter 1 00 may be disposed upstream of the 
first detecting circuit 97 and the second detecting circuit 



[01 84] Fig. 12 shows a block diagram of a power-gen- 
eration-state detecting portion 91 * according to the third 
embodiment. 

[01 85] Also. Fig. 1 3 shows a timing chart of the power- 
generation -state delecting portion 9V according to the 
third embodiment. 

[0186] The power-generation-state detecting portion 
91* is made up of a comparator 971 , a reference voltage 
source 972 for generating a constant voltage, a switch 
SW2, and a timer 975, as well as an SR flip-flop 976, a 
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gate 977, a counter 978, and a digital comparator 979. 
[0187] The reference voltage source 972 generates 
the setting voltage value Va in the indication mode, and 
is connected to a positive input terminal of the compara- 
tor 971 . Also, the electromotive voltage Vgen generated s 
in the power generation unit A, shown in Fig. 13(a), is 
supplied to an negative input terminal of the comparator 
971. Thus, the comparator 971 compares the electro- 
motive voltage Vgen with the setting voltage value Va, 
and produces a comparison result signal which to 
assumes a high level when the electromotive voltage 
Vgen is less than the setting voltage value Va, and 
which assumes a low level when the electromotive volt- 
age Vgen is more than the setting voltage values Va 
(see Fig. 13(b)). is 
[0188] The comparison result signal is supplied to a 
set terminal of the SR flip-flop 976, and an output signal 
of the timer 975 is supplied to a reset terminal of the SR 
flip-flop 976. The timer 975 is designed so as to start 
counting of time in synch with rising of an output signal so 
of the SR flip-flop 976, and to fall after upon the elapse 
of a predetermined time. Assuming here the timer 
counting time to be Ts, as shown in Fig. 13(c), the out- 
put signal of the SR flip-flop 976 changes from a low 
level to a high level in synch with each rising edge e3, 25 
e4 of the comparison result signal, and falls from a high 
level to a low level after maintaining a high level for the 
time Ts. 

[0189] The gate 977 outputs the logical product of the 
output signal of the SR flip-flop 976 and the comparison 30 
result signal. The counter 978 counts an output signal of 
the gate 977, and then outputs a counted value Z to the 
digital comparator 979. A setting value X1 , X2 is selec- 
tively supplied to the digital comparator 979 through the 
switch SW2. The switch SW2 is controlled by the setting 35 
value changing portion 95, and supplies, to the digital 
comparator 979, the setting value X1 in the indication 
mode and the setting value X2 in the power saving 
mode. The setting value X1 corresponds to a frequency 
f 1 of the generated power based on which it is possible 40 
to determine whether power is generated in a normal 
carried state, and the setting value X2 corresponds to a 
frequency f2 of the generated power based on which it 
is possible to determine whether forcible charging is 
made. The digital comparator 979 is designed so as to as 
compare the setting value X1 or X2 with the counted 
value 2 of the counter 978 at a falling edge of the signal 
from the gate 977. 

[01 90] When the current operating mode is the power 
saving mode, a power-generation -state detecting signal so 
S indicating the state of power generation is produced 
when the frequency of power generated in the power 
generation unit A exceeds above f2. Accordingly, the 
power saving mode is not cleared when the timepiece is 
in a normal carried state, and the mode is shifted from 55 
the power saving mode to the indication mode only 
when the user tries forcible charging (by shaking the 
wrist) with the intention of clearing the power saving 



mode. Thus, even when the timepiece 1 is slightly 
touched or so, the power saving mode is not cleared 
and useless consumption of power is avoided. 
[01 91 ] On the other hand, when the current operating 
mode is the indication mode in which the time is indi- 
cated, a power-generation-state detecting signal S indi- 
cating the state of power generation is produced when 
the frequency of power generated in the power genera- 
tion unit A exceeds below f 1 . Since the frequency of the 
generated power f1 is set, as described above, to a 
value based on which it is possible to determine 
whether power is generated in a normal carried state, 
the mode can be promptly shifted from the indication 
mode to the power saving mode by precisely detecting 
a condition where the timepiece is not used. As a result, 
useless consumption of power is avoided. 

[4] Fourth Embodiment 

[0192] ■ Each of the above-described embodiments 
employs, as the power generator 40, an electromag- 
netic induction power generator wherein rotating motion 
(= kinetic energy) of the rotating weight 45, produced 
when the timepiece is carried with the user, is transmit- 
ted to the rotor 43, and the electromotive voltage Vgen 
is generated in the output coil 44 with the rotation of the 
rotor 43. In this fourth embodiment, the power generator 
40 is replaced by a power generator of the type that it is 
brought into a power-generation disabled state depend- 
ing on ambient environment even when the timepiece is 
carried with the user. 

[01 93] In the case of using such a power generator, 
when the operating mode is controlled depending on 
the power generation state of the power generator, the 
timepiece is not always brought into the state of gener- 
ating power even with the timepiece being carried with 
the user, and is not always brought into the state of not 
generating power even with the timepiece being not car- 
ried with the user. 

[0194] In the above case, the problem is that even 
when the timepiece is in the state carried with the user 
and the power generator still remains in the state of not 
generating power, the operating mode may be shifted 
from the power saving mode to the indication mode 
(normal operating mode). If such an event happens, the 
timepiece would turn into the indication mode in spite of 
being in the state of not generating power, and the 
power would be so exhausted as to stop the timepiece. 
[01 95] The power generator that possibly causes the 
above problem is. e.g., a solar cell. In the solar cell, 
power is generated by converting optical energy (corre- 
sponding to first energy) of extraneous light, such as 
sunlight, into electric energy with photoelectric conver- 
sion. 

[01 96] The fourth embodiment will be described below 
in detail in connection with an example in which a solar 
cell is employed as the power generator. 
[01 97] Fig. 1 4 is a block diagram showing a schematic 
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construction of a timepiece of the fourth embodiment. In 
Fig. 14, the same components as those in the first 
embodiment of Fig. 2 are denoted by the same numer- 
als, and detailed description thereof is omitted here. 
[0198] The fourth embodiment differs from the first 5 
embodiment in that a carried-state detecting unit 400 for 
determining whether the timepiece is in the state carried 
with the user, i.e., whether the user is wearing the time- 
piece, is provided, and a central control circuit 93 A 
restores the operating mode from the power saving w 
mode to the indication mode only when the timepiece 
1 A is in the state carried with the user and a power gen- 
erator (solar cell) 40A is in the state of generating 
power. 

15 

[4.1] Carried-state Detecting Unit 

[01 99] Concrete examples of the carried-state detect- 
ing unit will be first described. 

[0200] Conceivable constructions of the carried-state 20 
detecting unit are, for example, below. 

(1) A carried-state detecting unit including an accel- 
eration sensor to detect acceleration when the 
timepiece is carried with the user. 2s 

(2) A carried-state detecting unit including a contact 
electrode sensor to detect a change in current 
value, voltage value, resistance value, or capaci- 
tance value between electrodes when the user is 
wearing the timepiece. 30 

(3) A carried-state detecting unit including a 
mechanical contact sensor to detect whether the 
user is wearing the timepiece or not, by detecting 
an on- or off-state of a mechanical contact when the 
user is wearing the timepiece. 35 

[4.1.1] Carried-state Detecting Unit Including Accelera- 
tion Sensor 

[0201] In a carried-state detecting unit induding an 40 
acceleration sensor, the acceleration sensor is dis- 
posed, by way of example, to detect acceleration in the 
planar direction of a timepiece dial. The acceleration 
sensor detects acceleration corresponding to motion of 
the timepiece when the user is wearing the timepiece, 45 
and the carried-state detecting unit detects that the user 
is wearing the timepiece, i.e., that the timepiece is car- 
ried with the user, when acceleration not smaller than a 
predetermined acceleration set beforehand is detected. 
[0202] In this case, various states in which the time- so 
piece is carried with the user can be detected by setting 
the predetermined acceleration to a value correspond- 
ing to desired acceleration to be detected. 
[0203] Further, by detecting the carried state of the 
timepiece only when acceleration not smaller than the ss 
predetermined acceleration is continuously detected for 
a period of time not less than a predetermined time set 
beforehand, the operating mode is surely avoided from 



erroneously shifting from the power saving mode to the 
indication mode (normal operating mode). 

[4.1.2] Carried-state Detecting Unit Including Contact 
Electrode Sensor 

[0204] This carried-state detecting unit is constructed, 
by way of example, such that a pair of contact elec- 
trodes are provided on the backside of the timepiece 1 A 
so as to contact the user's arm when the user puts the 
timepiece on the arm. 

[0205] In this case, a resistance value or a capaci- 
tance value between the contact electrodes resulted 
when the user is not wearing the timepiece, is set to a 
proper value beforehand. The carried state of the time- 
piece is detected by detecting a change in detected 
resistance value, detected current value, detected volt- 
age value, or detected capacitance value between elec- 
trodes, which occurs upon the user wearing the 
timepiece 1A. 

[0206] Also, in that case, by detecting the carried state 
of the timepiece only when a change in detected resist- 
ance value, detected current value, detected voltage 
value, or detected capacitance value is continuously 
detected for a period of time not less than a predeter- 
mined time set beforehand, the operating mode is 
surely avoided from erroneously shifting from the power 
saving mode to the indication mode (normal operating 
mode). 

[4.1.3] Carried-state Detecting Unit Including Mechani- 
cal Contact Sensor 

[0207] This carried-state detecting unit is constructed, 
by way of example, such that a mechanical contact 
switch is provided on a fastener of a band (watch band) 
for holding the timepiece 1A over the arm, and the unit 
detects turning of the mechanical contact switch to an 
on-or off-state occurred when the user fits the band 
around the arm. 

[0208] Alternatively, a movable mechanical contact 
switch is provided in the mechanism, and the carried 
state of the timepiece is detected upon turning-on of the 
mechanical contact switch when the timepiece 1A is 
inclined to a predetermined angle set beforehand (e. g., 
when a dial of the timepiece takes a posture vertical to 
the ground surface). 

[0209] Further, the carried-state detecting unit of this 
type may be constructed such that the number of times 
of turning-on/off is counted during a predetermined 
period of time, the counted number is compared with a 
reference number set beforehand, and the carried state 
of the timepiece is detected when the mechanical con- 
tact switch turns on and off in excess of the reference 
number. 

[0210] In place of any of the above carried-state 
detecting units or in addition to it, a power generator for 
generating power based on kinetic energy such as 
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energy of rotation of a rotating weight, a power genera- 
tor for generating power based on pressure energy by 
using a piezoelectric device or the like, or a power gen- 
erator for generating power based on thermal energy by 
using a thermoelectric device such as a thermocouple 
may be used as a power generator. In this case, the car- 
ried state of the timepiece can be detected depending 
on the power generation state of the power generator. 

[4.2] Operation of Principal Part of Fourth Embodiment 

[0211] The operation of a principal part of the fourth 
embodiment will be described below. Suppose here that 
the operating mode is the indication mode (normal 
operating mode) in an initial state. 
[021 2] The non-power-generation time measuring cir- 
cuit 99 of the central control circuit 93A measures the 
non-power-generation time Tn during which power gen- 
eration in a solar cell, used as the power generator 40 A, 
is not detected by the first detecting circuit 97 and the 
second detecting circuit 98. 

[0213] Then, regardless of whether the carried-state 
detecting unit 400 produces a detection output, i.e., in 
any of the cases where the timepiece is in the carried 
state and in the not -carried state, the central control cir- 
cuit 93 A shifts the operating mode from the indication 
mode to the power saving mode when the non-power- 
generation time Tn exceeds a predetermined setting 
time. 

[0214] The thus-set operating mode is stored in the 
mode storage 94, and the stored information is supplied 
to the driving control circuit 24, the time information stor- 
age 96. and the setting value changing portion 95. Upon 
the shift from the indication mode to the power saving 
mode, the driving control circuit 24 stops supply of the 
pulse signal to the driving circuit 30, thereby stopping 
the operation of the driving circuit 30. Accordingly, the 
motor 10 ceases rotation and the time indication is 
stopped. 

[021 5] Also, upon the shift from the indication mode to 
the power saving mode, the time information storage 96 
starts operation as a suspension time counter which 
receives the reference signal produced by the pulse 
synthesis circuit 22 and stores a duration time of the 
power saving mode. 

[0216] Under the power saving mode, the central con- 
trol circuit 93A monitors the detection output of the car- 
ried-state detecting unit 400 and the power- generation 
detection outputs of the first detecting circuit 97 and the 
second detecting circuit 98, and returns the operating 
mode from the power saving mode to the indication 
mode only when the timepiece 1 A is in the state carried 
with the user and the solar cell 40A serving as the 
power generator is in the state of generating power. 
[0217] Then, upon the shift from the power saving 
mode to the indication mode, the central control circuit 
93 counts fast-forward pulses supplied from the driving 
control circuit 24 to the driving circuit 30 and causes the 



resumed time indication to be restored to the current ' 

time. ■ . 

i 

[4.3] Advantages of Fourth Embodiment 

5 , 

[0218] With the fourth embodiment, as described 
above, when the timepiece is not in the carried state 
(when the user is not employing the timepiece), the 
operating mode is kept from shifting from the power sav 1 
w ing mode to the indication mode (normal operating 
mode), and useless consumption of power can 1 be 
avoided. 

[0219] Also, when the operating mode is shifted from 
the power saving mode to the indication mode, the user 

is can see the precise time indication whenever the user 
wants to know the time because the timepiece is in the 
carried state and in the used state, i.e., because the 
timepiece is in a condition where the power generator 
generates power in an amount enough for the indica- 

20 tion. 

[4.4] Modifications of Fourth Embodiment 
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[4.4.1] First Modification 



[0220] In the above description, the central control cir- 
cuit 93A shifts the operating mode from the indication 
mode to the power saving mode when the non-power- 
generation time Tn exceeds the predetermined setting 
30 time, in any of the cases where the timepiece 1 A is in 
the carried state and in the not-carried state. However, 
the operating mode may be shifted to the power saving 
mode only when the voltage of the large-capacity 
capacitor 48 serving as the power supply corresponds 
35 to a voltage capable of restoring the current time when 
the mode will be shifted to the indication mode again 
subsequent to the shift to the power saving mode, or 
only when the voltage of the large-capacity capacitor 48 
corresponds to a voltage capable of performing at least 
40 the norma! hand rotation when the mode will be shitted 
to the indication mode again subsequent to the shift to 
the power saving mode. 



[4.4.2] Second Modification 



[0221] The above description has been made in con- 
nection with the case where the solar cell serving as the 
power generator 40A does not produce the generated 
power (i.e., it is brought into the state of not generating 
so power). However, the present invention is also applica- 
ble to the case where power generation is insufficient 
and the generated power is lower than a predetermined 
voltage. 

55 [4.4.3] Third Modification 

[0222] The above description has been made in con- 
nection with the case of employing the solar cell as the 



21 



-VTTMfV <-FP OS.V500A1 I > 



41 



EP 0 952 500 A1 



42 



power generator. However, similar advantages as 
obtainable with the fourth embodiment can also be 
obtained in the case ot employing a manually wound 
piezoelectric power generator including a manually 
binding device to apply vibration to a piezoelectric 
device, a spring power generator for generating power 
by utilizing energy accumulated in a spring, or an elec- 
tromagnetic wave power generator for generating power 
by utilizing electromagnetic energy propagating in a 
space. 

[4.4.3.1] First Concrete Form of Third Modification of 
Fourth Embodiment 

[0223] A manually winding device is provided and 
rotated to apply vibration to a piezoelectric member. 

[4.4.3.2] Second Concrete Form of Third Modification of 
Fourth Embodiment 

[0224] In place of the power generator 40A, a power 
generator receiving stray electromagnetic waves can be 
employed which generates power with electromagnetic 
induction by utilizing electromagnetic wave energy of 
electric waves for broadcasting and communications. 
More specifically, a plurality of tuning circuits are pro- 
vided so as to be able to tune and resonate with those 
of electric waves propagating in a space which have 
particular frequencies different from each other, and to 
take out the electric waves of the particular frequencies 
in the form of power. 

[4.4.3.3] Third Concrete Form of Third Modification of 
Fourth Embodiment 

[0225] In place of the power generator 40A, a thermal 
power generator having a thermoelectric transducer, 
such as a thermocouple, and generating power by utiliz- 
ing thermal energy is employed. This form can also pro- 
vide similar advantages as obtainable with the fourth 
embodiment. 

[5] Modifications of Embodiments 
[5.1] First Modification 

[0226] While the above embodiments have been each 
described in connection with, by way of example, the 
timepiece indicating the time with the stepping motor 
10, the present invention is of course also applicable to 
another type of timepiece indicating the time with an 
LCD, etc. 

[0227] In this case, the time can be continuously 
counted for a long time while saving power consumed 
by the LCD, and the precise current time can be always 
displayed as required. 



[5.2] Second Modification 

[0228] Also, while the above embodiments have been 
each described in connection with, by way of example, 
5 the timepiece indicating the hour, minute and second by 
one motor, the time may be indicated by driving the hour 
hand, the minute hand, and the second hand by using a 
plurality of motors. 

[0229] As a result, the motors can be driven independ- 

10 ently of each other to rotate the hands in a stepwise 
manner, and the amount of rotation of the hands neces- 
sary for restoring to the current time upon the shift from 
the power saving mode to the indication mode (normal 
operating mode) can be reduced in comparison with the 

is case of driving all the hands by one motor. It is hence 
possible to reduce power consumption required for 
restoring the hands to the current time with fast forward 
rotation rather than power consumption required for 
rotating the hands in the indication mode. 

20 [0230] Further, by combining backward hand rotation 
(hand rotation in the counterclockwise direction) and 
forward hand rotation with each other, the maximum 
amount of rotation of the hands can be reduced to an 
amount corresponding to a 1/2 period (e.g., 6 hours 

25 when the hour hand indicates 12 hours), and power 
consumption required for restoring to the current time 
can be further reduced. 

[0231 ] As a concrete example of driving the hands by 
a plurality of motors, the timepiece can be constructed 

30 such that the hour and minute hands are driven by a first 
motor and the second hand is driven by a second motor. 
In this case, the timing to stop the time indication can 
also be changed for each motor. 
[0232] More specifically, the power saving mode is 

35 prepared in two stages. When the operating mode is 
shifted from the indication mode to a first power saving 
mode, driving of only the second motor is stopped to 
cease the second hand only. This is because the user 
can still easily grasp the time even with only the second 

40 hand ceased, and power consumption can be efficiently 
reduced by ceasing the second motor which drives the 
second hand and consumes a large amount of energy. 
[0233] Then, upon the shift from the first power saving 
mode to the second power saving mode, the first motor 

45 for driving the hour and minute hands is also stopped 
and power consumption can be further reduced. 
[0234] As a result, the second indication consuming a 
large amount of energy because of short intervals of 
hand rotation can be stopped at earlier timing at which 

so the non -power-generation time is short, whereas the 
hour and minute indication consuming a relatively small 
amount of energy because of relatively long intervals of 
hand rotation can be continued as long as possible. 
[0235] Moreover, the timepiece may be constructed so 

55 as to drive the hour hand by a first motor, the minute 
hand by a second motor, and the second hand by a third 
motor. 

[0236] By thus driving the hands by a plurality of 
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motors, a time required for restoring to the current time 
can be further shortened. 

[0237] In addition, the timepiece may be constructed 
such that the user can change the timing to stop the 
time indication for each motor in accordance with the 
user's preference. 

[0238] Likewise, in a timepiece having a calender 
function, a motor for driving a calender mechanism can 
be provided separately. 

[5.3] Third Modification 

[0239] While each of the above-described embodi- 
ments employs, as the power generator 40, an electro- 
magnetic induction power generator wherein rotating 
motion (= kinetic energy) of the rotating weight 45 is 
transmitted to the rotor 43 and the electromotive voltage 
Vgen is generated in the output coil 44 with the rotation 
of the rotor 43, the present invention is not limited to 
those embodiments. 

[5.3. 1 ] First Form of Third Modification 

[0240] A power generator producing rotary motion by 
restoring forces (= kinetic energy) of a spring and gen- 
erating an electromotive voltage with the rotary motion 
can be employed in place of the power generator 40. 

[5.3.2] Second Form of Third Modification 

[0241] A power generator utilizing the piezoelectric 
effect to convert pressure into electric energy and gen- 
erating electric power by applying external or self- 
excited vibration or displacement to a piezoelectric 
member (piezoelectric device) can be employed in 
place of the power generator 40. 
[0242] More specifically, a vibrating piece including a 
piezoelectric layer is vibrated with the rotation of the 
rotating weight, thereby generating power. 
[0243] As an alternative, a manually winding device 
may be provided so that vibration is applied to a piezoe- 
lectric member by rotating the manually winding device. 

[5.3.3] Third Form of Third Modification 

[0244] A power generator utilizing the thermoelectric 
effect to convert thermal energy into electric energy and 
generating electric power by applying a temperature dif- 
ference to a thermoelectric transducer, such as a ther- 
mocouple, can be employed in place of the power 
generator 40. 

[0245] More specifically, a heat radiating plate is pro- 
vided on the dial side of the timepiece, a heat absorbing 
plate for absorbing heat from the user's body is provided 
on the back side of the timepiece, and the heat radiating 
plate and the heat absorbing plate are connected to 
each other by a heat conducting member formed of a 
material having high thermal conductivity. With this 



arrangement, a temperature difference can be effi- ' 
ciently held, and efficient power generation can be 
achieved. ' . 

5 [5.3.4] Fourth Form of Third Modification 

[0246] The timepiece can be constructed so as to 
include a plurality of power generators (corresponding 
to auxiliary power generators) by providing plural ones 

10 of the power generators according to the first to third 
forms of the above third modification in place of 'the 
power generator 40, or by providing any of the power 
generators according to the first to fifth forms of the 
above third modification in addition to the power gener- 

15 ator 40. 

[0247] With the above arrangement, power generation 
can be continued by any of the power generatbrs, and 
more stable power generation and hence stable supply 
of source power can be achieved. 

20 

[5.4] Fourth Modification 

[0248] While the above embodiments have been each 
described in connection with, by way of example, the 

25 timepiece 1 of wristwatch type, the present invention is 
not limited to such a timepiece. Electronic equipment, in 
which the above-described power generation unit A. 
power supply unit B and control unit C can be provided, 
may be a pocket watch or the like in addition to a wrist- 

30 watch. 

[0249] The present invention is also adaptable for 
other electronic equipment such as pocket-size calcula- 
tors, portable phones, portable personal computers, 
electronic pocketbooks, portable radios, portable VTRs. 

35 and portable navigation devices. 

[0250] In this case, a power consuming portion oper- 
ating with power supplied from the power supply unit B 
is provided, the power generation state of the power 
generation unit A is detected by the power-gene ration - 

40 state detecting portion 91 , and the control unit C selec- 
tively controls the mode in accordance with a detection 
result between a power saving mode in which the oper- 
ation of the power consuming portion is stopped and an 
operative mode in which the power consuming portion 

45 is operated. Specifically, the operative mode corre- 
sponds to a used state of a pocket calculator, a portable 
phone, etc., and the power saving mode corresponds to 
a non-used state thereof. In the power saving mode, 
however, the power-generation -state detecting portion 

so 91 is supplied with power to be able to determine 
whether the user is wearing the electronic equipment. In 
electronic equipment having display units, particularly, it 
is desired that screen display be not effected in the 
power saving mode, but effected in the normal operat- 

55 ing mode. This enables the user to know whether the 
mode is in the power saving mode or the normal operat- 
ing mode, by seeing the display unit. 
[0251 ] Further, in that case, the operating condition at 
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the time of shift to the power saving mode is stored in a 
memory or the like, and the operating condition with the 
elapse of time during the power saving mode is also 
continuously accumulated. Upon restoring to the nor- 
mal operating mode, the stored and accumulated infor- 5 
mation is utilized to restore the operating condition 
based on the current information given by the informa- 
tion including the progress condition, or to restore the 
normal operating condition based on the current infor- 
mation added with the information including the 70 
progress condition. 

[0252] A self-contained navigation device, for exam- 
pie, can be constructed such that the condition of 
traveling in the course is not displayed but accumulated, 
and the normal operating condition is then restored to is 
display the current position based on an accumulated 
result, or the information regarding the condition of 
traveling in the course is then displayed when the nor- 
mal operating mode is restored. 

20 

[5.5] Fifth Modification 

[0253] In each of the above-described embodiments, 
the user is required to shake the wrist for forcible charg- 
ing of the timepiece 1 when the mode is shifted from the 25 
power saving mode to the indication mode. 
[0254] On that occasion, power is generated in a 
larger amount than when the user wearing the time- 
piece 1 is in daily living, and a level of electromagnetic 
noise occurred in the power generator 40 may become 30 
larger than when the timepiece 1 is usually carried with 
the user. 

[0255] As a result, it is thought that the stepping motor 
1 0 is affected by the electromagnetic noise and the indi- 
cated time becomes incorrect. 35 
[0256] In view of the above, this fifth modification is 
constructed so as to detect the state where power is for- 
cibly generated by the user shaking the wrist, and to 
produce driving pulses having a wider width in the driv- 
ing unit E upon detection of such a state. This arrange- 40 
ment enables the stepping motor 10 to be surely 
operated with the driving pulses having a wider width 
even when the level of electromagnetic noise occurred 
in the power generator 40 is increased. 
[0257] Also, when the timepiece 1 is forcibly charged 45 
by the user shaking the wrist, there is a risk that a large 
charging current may increase variations of the supply 
source voltage due to the internal resistance of the 
large-capacity capacitor 48 and may adversely affect 
the circuit operation. so 
[0258] In view of the above, the timepiece may be con- 
structed so as to detect the state where power is forcibly 
generated by the user shaking the wrist, and to short- 
circuit across the power generating stator 42 upon 
detection of such a state. With this arrangement, varia- 55 
tions of the supply source voltage can be suppressed 
and the circuit can be reliably operated. 



[5.6] Sixth Modification 

[0259] The first detecting circuit 97 and the second 
4545 detecting circuit 98 described in the above first 
and second embodiments and the power-generation- 
state detecting portion 9V described in the above third 
embodiment can be combined with each other appropri- 
ately to generate power. 

[0260] In other words, the state of generating power 
may be detected by any of combinations of the electro- 
motive voltage Vgen and the power generation duration 
time, the power generation duration time and the fre- 
quency of the generated power, the frequency of the 
generated power and the electromotive voltage Vgen, 
and the electromotive voltage Vgen, the power genera- 
tion duration time and the frequency of the generated 
power. 

[0261 ] Further, the parameter to be detected may be 
the electromotive voltage, or the charging current 
described in the modification of the second embodi- 
ment. 

[0262] Stated otherwise, the state of generating power 
can be detected by using any one of detection based on 
a voltage, detection based on a current, detection 
based on a power generation duration time, and detec- 
tion based on frequency of the generated power. 

[5.7] Seventh Modification 

[0263] In the f irst detecting circuit 97 and the second 
detecting circuit 98 described in the above first and sec- 
ond embodiments and the power-generation- state 
detecting portion 9V described in the above second 
embodiment, the setting value as a comparison refer- 
ence is changed depending on the current mode. How- 
ever, the detected result may be compared with a 
plurality of setting values to detect the state of not gen- 
erating power (the state not carried with the user), the 
state carried with the user, the state of forcibly generat- 
ing power. 

[5.8] Eighth Modification 

[0264] While the reference potential (GND) is set to 
Vdd (higher potential side) in each of the above- 
described embodiments, it is a matter of course that the 
reference potential (GND) may be set to Vss (lower 
potential side). 

[0265] In this case, the setting voltage value Vo and 
Vbas each represent a potential difference relative to a 
detection level set on the higher voltage side with Vss 
being as a reference. 

[5.9] Ninth Modification 

[0266] In each of the above-described embodiments, 
the shift from the indication mode to the power saving 
mode is made upon detecting the state where the time- 
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piece is carried with the user. However, the present 
invention is not limited to those embodiments, the shift 
from the indication mode to the power saving mode may 
be executed in accordance with an instruction from the 
user. 5 
[0267] For example, manipulation of a button, a crown 
or the like arranged on an outer case of the timepiece 1 
may be detected to shift the mode from the indication 
mode to the power saving mode in accordance with a 
detection result. 10 
[0268] In this case, since the mode can be shifted to 
the power saving mode at once upon intentional manip- 
ulation of the user, power saving is also achievable 
when the user is just wearing the timepiece with no 
need of knowing the indicated time. As a result, power is 
consumption can be further reduced, and the timepiece 
can clock the precise time for a longer period of time. 



[5.10] Tenth Modification 



20 



[0269] While the power supply unit B performs half- 
wave rectification of the AC voltage supplied from the 
power generation unit A in each of the above -described 
embodiments, the present invention is not limited to 
those embodiments. Of course, the power supply unit B ss 
may perform full-wave rectification. 

[5.11] Eleventh Modification 

[0270] The above description has been made in con- 30 
nection with only electronic equipment having power 
generators. For another type of electronic equipment 
having not a power generator but a power supply unit, 
e.g., a primary battery, capable of accumulating electric 
energy, however, the electronic equipment can be con- 35 
structed so as to detect whether it is carried with the 
user, and to effect the shift to the power saving mode or 
the shift from the power saving mode to the normal 
operating mode. 

40 

INDUSTRIAL APPLICABILITY 

[0271 ] As described hereinabove, the portable elec- 
tronic equipment of the present invention includes a car- 
rying-on-user detector for detecting whether the as 
electronic equipment is in a state carried with the user 
or not. When the electronic equipment is in a state not 
carried with the user, i.e., when the user is not employ- 
ing the electronic equipment, the operating mode is 
shifted from the normal operating mode to the power so 
saving mode to reduce power consumption of the elec- 
tronic equipment. Accordingly, useless consumption of 
power during non-use of the electronic equipment can 
be reduced. 

[0272] Further, the electronic equipment of the ss 
present invention includes a power generator for gener- 
ating power by converting first energy (= kinetic energy, 
thermal energy, pressure, optical energy or electromag- 



netic wave energy) into electric energy as second ' 
energy, and a carrying -on -user detector for 'detecting 
whether the electronic equipment is in a state carried 
with the user. The operating mode is shifted between 
the power saving mode and the normal operating mode ■ 
(the indication mode in the above embodiments) 
depending on a power generation state or in combina- 
tion with the state carried with the user. 
[0273] Therefore, at least when the power generator 
is not in the state of generating power, the operation of 
the electronic equipment is stopped to cut back on use- 
less consumption of power. Moreover, if the electronic 
equipment is not in the state carried with the user even 
with the power generator being in the state of generat- 
ing power, the operating mode is shifted to the power 
saving mode and power consumption is further 
reduced. 

[0274] Also, the timepiece as one form of the elec- 
tronic equipment of the present invention includes a 
power generator capable of converting first energy (=* 
kinetic energy, thermal energy, pressure, optical energy 
or electromagnetic wave energy) into electric energy as 
second energy. The timepiece determines whether the 
timepiece is carried with the user or not based on 
whether the power generator is generating power or not, 
or determines whether the timepiece is carried with the 
user or not by using any of various carried-state detect- 
ing sensors such as an acceleration sensor. When the 
timepiece is carried with the user, the operating mode is 
always set to the indication mode in which the time is 
indicated. When the timepiece is not carried with the 
user, the time indication is stopped to save energy if the 
condition that a predetermined non -power-generation 
time has elapsed is satisfied. 

[0275] Accordingly, even in the night or the winter, the 
timepiece as one form of the electronic equipment of the 
present invention can indicate the time whenever the 
user is wearing the timepiece and wants to see the time, 
thereby keeping the user from feeling inconvenience. 
On the other hand, when the timepiece is not carried 
with the user and there is no chance for the user to see 
the time, the indication is stopped even with the sur- 
roundings being light, whereby energy can be saved. As 
a result, it is possible to provide the electronic equip- 
ment (timepiece) and the control method for the same 
with which the time can be indicated with good accuracy 
for a long time without using any battery while the user 
is kept from feeling inconvenience. 

Claims 

1. Portable electronic equipment comprising: 

a power supply device capable of accumulating 
electric energy, 

a driven device driven with electric power sup- 
plied from said power supply device, 
a carrying-on-user detector for detecting 
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whether said electronic equipment is in a state 
carried with a user or not, and 
a mode shift control device for shifting an oper- 
ating mode of said driven device from a normal 
operating mode to a power saving mode in 
accordance with a detection result of said car- 
rying-on-user detector when said electronic 
equipment is in a state not earned with the 
user, for thereby reducing power consumption 
of said driven device. 

2. Electronic equipment according to Claim 1. 
wherein: 

said power supply device includes a power 
generator for generating electric power by con- 
verting first energy into the electric energy as 
second energy, and 

said power supply device is able to accumulate 
the generated power. 

3. Electronic equipment according to Claim 2, 
wherein: 

said carrying-on-user detector detects whether 
said electronic equipment is in the state carried 
with the user or not in accordance with a power 
generation state of said power generator. 

4. Electronic equipment according to Claim 1 , further 
comprising: 

an operating condition restoring device for. 
when the operating mode is restored to the nor- 
mal mode again after a shift to the power sav- 
ing mode, restoring an operating condition of 
said driven device to the same operating condi- 
tion as resulted in the case of operating said 
driven device continuously for a period of time 
elapsed from the shift to the power saving 
mode to the time of restoring to the normal 
mode. 

5. Electronic equipment according to Claim 1, 
wherein: 

said mode shift control device shifts the operat- 
ing mode to the power saving mode when an 
amount of power accumulated in said power 
supply device is not less than a predetermined 
amount of power which is set beforehand and 
corresponds to the amount of power for said 
restoring of the operating condition. 

6. Electronic equipment according to Claim 1. 
wherein: 

said carrying -on -user detector detects the car- 



ried state of said electronic equipment based 
on an electromotive voltage produced in said 
power generator 

5 7. Electronic equipment according to Claim 2, 
wherein: 

said carrying-on-user detector compares an 
electromotive voltage produced in said power 
io generator with a plurality of setting voltage val- 

ues, and detects the carried state of said elec- 
tronic equipment in accordance with a 
comparison result. 

15 8. Electronic equipment according to Claim 7, 
wherein: 



said carrying-on-user detector detects the car- 
ried state of said electronic equipment by 
selecting one of said plurality of setting voltage 
values depending on the current mode, and 
comparing the electromotive voltage produced 
in said power generator with the selected set- 
ting voltage value. 
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Electronic 
wherein: 



equipment according to Claim 8, 



said carrying-on-user detector sets the setting 
voltage value, which is used for determining 
whether said operating mode is to be shifted 
from the power saving mode to the normal 
operating mode, to be higher than the setting 
voltage value used for determining whether 
said operating mode is to be shifted from the 
normal operating mode to the power saving 
mode. 



10. Electronic equipment according to Claim 1, 
40 wherein: 

said carrying-on-user detector detects the car- 
ried state of said electronic equipment based 
on a charging current in said power supply 
device. 



11. Electronic equipment according to Claim 10, 
wherein: 

said carrying-on-user detector compares the 
charging current in said power supply device 
with a plurality of setting current values, and 
detects the carried state of said electronic 
equipment in accordance with a comparison 
result. 

12. Electronic equipment according to Claim 11, 
wherein: 
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said carrying-on-user detector detects the car- 
ried state of said electronic equipment by 
selecting one of said plurality of setting current 
values depending on the current mode, and 
comparing the charging current in said power 5 
supply device with the selected setting current 
value. 

13. Electronic equipment according to Claim 12, 
wherein: 10 



said carrying-on-user detector sets the setting 
current value, which is used for the mode shift 
from the power saving mode to the normal 
operating mode, to be higher than the setting 
current value used for the shift from the normal 
operating mode to the power saving mode. 
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15. Electronic equipment according to Claim 14, 
wherein: 

said carrying-on-user detector compares the 
power generation duration time of said power 
generator with a plurality of setting time values, 
and detects the carried state of said electronic 
equipment in accordance with a comparison 
result. 

16. Electronic equipment according to Claim 15, 
wherein: 

said carrying-on-user detector detects the car- 
ried state of said electronic equipment by 
selecting one of said plurality of setting time 
values depending on the current mode, and 
comparing the power generation duration time 
of said power generator with the set setting 
time value. 

17. Electronic equipment according to Claim 16, 
wherein: 

said carrying-on-user detector sets the setting 
time value, which is used for the mode shift 
from the power saving mode to the normal 
operating mode, to be longer than the setting 
time value used for the shift from the normal 
operating mode to the power saving mode. 

18. Electronic equipment according to Claim 2, 



15 



14. Electronic equipment according to Claim 2, 
wherein: 20 



said carrying-on-user detector detects the car- 
ried state of said electronic equipment based 
on a power generation duration time of said 
power generator. 



said carrying-on-user detector detects the car- 
ried state of said electronic equipment based 
frequency of the power generated by said ' 
power generator. 

19. Electronic equipment according to Claim 18, 
wherein: ■ 1 

said carrying -on- user detector detects the fre- 
quency of the power generated by, said power 
generator by counting the number of peaks of 
an electromotive voltage produced in said 
power generator during a period until a setting 
time elapses from a point in time at which the 
electromotive voltage has exceeded a' setting 
voltage value. 

20. Electronic equipment according to Claim 1 8 or 19. 
wherein: 

said carrying-on -user detector compares the 
frequency of the power generated by said 
power generator with a plurality of setting fre- 
quency values, and detects the carried state of 
said electronic equipment in accordance with a 
comparison result. 



30 21. Electronic equipment according to Claim 20, 
wherein: 



said carrying-on- user detector detects the car- 
ried state of said electronic equipment by 
selecting one of said plurality of setting fre- 
quency values depending on the current mode, 
and comparing the frequency of the power gen- 
erated by said power generator with the set set- 
ting frequency value. 
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22. Electronic 
wherein: 



equipment according to Claim 20, 



said carrying-on-user detector sets the setting 
frequency value, which is used for determining 
whether said operating mode is to be shifted 
from the power saving mode to the normal 
operating mode, to be higher than the setting 
frequency value used for determining whether 
said operating mode is to be shifted from the 
normal operating mode to the power saving 
mode. 



23. Electronic equipment according to Claim 2, 
55 wherein: 

said power generator includes a plurality of 
auxiliary power generators for converting said 
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first energy in different forms. 

24. Electronic equipment according to Claim 2, 
wherein: 

said first energy is any of kinetic energy, pres- 
sure energy or thermal energy. 

25. Electronic equipment according to Claim 2, 
wherein: 

said power generator generates AC electric 
power by converting kinetic energy as said first 
energy into electric energy, and 
said power supply device rectifies and accumu- 
lates the generated AC power. 

26. Electronic equipment according to Claim 25. 
wherein: 

said carrying-on -user detector comprises 
switching means being switched over in 
accordance with a cycle of the AC power gen- 
erated by said power generator, 
a capacity element for accumulating electric 
charges in accordance with the switching oper- 
ation of said switching means, 
discharge means inserted in a discharge path 
of said capacity element and discharging the 
electric charges accumulated in said capacity 
element, 

a measuring portion for counting said power 
generation duration time by measuring a period 
of time during which a voltage across said 
capacity element exceeds a predetermined 
value, and 

a carrying-on-user detecting portion for detect- 
ing the carried state of said electronic equip- 
ment based on said power generation duration 
time. 

27. Electronic equipment according to Claim 25, 
wherein: 

said carrying-on-user detector detects the car- 
ried state of said electronic equipment based 
frequency of the power generated by said 
power generator. 

28. Electronic equipment according to Claim 27, 
wherein: 

said carrying-on-user detector detects the fre- 
quency of the power generated by said power 
generator by counting the number of peaks of 
an electromotive voltage produced in said 
power generator during a period until a setting 
time elapses from a point in time at which the 



electromotive voltage has exceeded a setting 

voltage value. ,' 

t 

29. Electronic equipment according to Claim 27 or 28, 
5 wherein: 

said carrying-on-user detector compares the 
frequency of the power generated by said 
power generator with a plurality of setting fre- ■ 
10 quency values, and detects the carried state of 

said electronic equipment in accordance with a 
comparison result. 

30. Electronic equipment according to Claim 29, 
is wherein: 

said carrying-on-user detector detects the* car- 
ried state of said electronic equipment by 
selecting one of said plurality of setting fre- 
20 quency values depending on the current mode, 

and comparing the frequency of the power gen- 
erated by said power generator with the set set- 
ting frequency value. 

25 31. Electronic equipment according to Claim 25, 
wherein: 

said power generator comprises a rotating 
weight undergoing swing motion, and a power 
30 generation element for generating electromo- 

tive forces with the rotary motion of said rotat- 
ing weight. 

32. Electronic equipment according to Claim 25, 
35 wherein: 



said power generator comprises a resilient 
member to which deformation forces are 
applied, rotating means undergoing rotary 
motion due to restoring forces developed by 
said resilient member going to restore to an 
original shape, and a power generation ele- 
ment for generating electromotive forces with 
the rotary motion of said rotating means. 



40 



45 



33. Electronic 
wherein: 



equipment according to Claim 25, 



so 



said power generator comprises a piezoelectric 
device for generating electromotive forces with 
the piezoelectric effect when subjected to a dis- 
placement. 



34. Electronic equipment according to Claim 2, 
55 wherein: 

said mode shift control device shifts the operat- 
ing mode of said driven device to the power 
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saving mode when said electronic equipment is 
in the not-carried state and the power genera- 
tion state of said power generator is in a prede- 
termined power generation state which is set 
beforehand and corresponds to the power sav- s 
ing mode. 

35. Electronic equipment according to Claim 34, 
wherein: 

10 

said carrying-on-user detector includes an 
acceleration sensor for detecting acceleration 
generated when said electronic equipment is 
carried with the user. 

15 

36. Electronic equipment according to Claim 34, 
wherein: 

said carrying-on-user detector detects the car- 
ried state of said electronic equipment by 20 
detecting a change in electrode-to-electrode 
resistance value or electrode-to-electrode 
capacitance value occurred when said elec- 
tronic equipment is carried with the user. 

25 

37. Electronic equipment according to Claim 34. 
wherein: 

said carrying-on-user detector includes a 
switch portion turning into an on- or off-state 30 
when said electronic equipment is carried with 
the user, and detects the carried state of said 
electronic equipment in accordance with the 
on/off state of said switch portion. 

35 

38. A control method for electronic equipment compris- 
ing a power supply device capable of accumulating 
electric energy, and a driven device driven with 
electric power supplied from said power supply 
device, said control method comprising: 40 

a carrying-on-user detecting step of detecting 
whether said electronic equipment is in a state 
carried with a user or not, and 
a mode shift control step of shifting an operat- 45 
ing mode of said driven device from a normal 
operating mode to a power saving mode in 
accordance with a result of the detection when 
said electronic equipment is in a state not car- 
ried with the user, for thereby reducing power so 
consumption of said driven device. 

39. A control method for electronic equipment accord- 
ing to Claim 38. wherein: 

55 

said power supply device includes a power 
generator for generating electric power by con- 
verting first energy into the electric energy as 
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second energy, and 

said carrying-on-user detecting step detects 
whether said electronic equipment' is in the 
state carried with the user or not in accordance 
with a power generation state of said power ■ 
generator. 

40. A control method for electronic equipment accord- 
ing to Claim 38, further comprising: ■ ' 

an operating condition restoring step of, when 
the operating mode is restored to the normal 
mode again after a shift to the power saving 
mode, restoring an operating condition of said 
driven device to the same operating condition 
as resulted in the case of operating said driven 
device continuously for a period of time 
elapsed from the shift to the power saving 
mode to the time of restoring to the normal 
mode. 

41. A control method for electronic equipment accord- 
ing to Claim 38, wherein: 

said mode shift control step shifts the operating 
mode to the power saving mode when an 
amount of power accumulated in said power 
supply device is not less than a predetermined 
amount of power which is set beforehand and 
corresponds to the amount of power for said 
restoring of the operating condition. 

42. A control method for electronic equipment accord- 
ing to Claim 38, wherein: 

said driven device is a time indicating device for 
indicating the time with the electric power sup- 
plied from said power supply device, and 
said normal operating mode is an indication 
mode causing said time indicating device to 
indicate the time. 

43. A control method for electronic equipment accord- 
ing to Claim 39, wherein: 

said first energy is any of kinetic energy, pres- 
sure energy or thermal energy. 

44. A control method for electronic equipment accord- 
ing to Claim 39, wherein: 

said first energy is optical energy, and 
said mode shift control step includes the carry- 
ing-on-user detecting step of detecting whether 
said electronic equipment is in the state carried 
with the user or not, and shifts the operating 
mode of said driven device to the power saving 
mode when said electronic equipment is in the 
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not-carried state and the power generation 
state of said power generator is in a predeter- 
mined power generation state which is set 
beforehand and corresponds to the power sav- 
ing mode. 5 

45. Electronic equipment according to Claim 1, 
wherein: 

said driven device is a time indicating device for 10 
indicating the time with the electric power sup- 
plied from said power supply device, and 
said mode shift control device shifts the operat- 
ing mode of said time indicating device to the 
power saving mode in accordance with a power 75 
generation state of said power generator, for 
thereby reducing power consumption of said 
time indicating device. 

46. Electronic equipment according to Claim 45, further so 
comprising: 

a time indication restoring device for, when the 
operating mode is restored to a time indication 
mode as the normal mode again after a shift to 25 
the power saving mode, restoring a time indic- 
ative condition of said time indicating device to 
the same time indicative condition as resulted 
in the case of operating said time indicating 
device continuously for a period of time 30 
elapsed from the shift to the power saving 
mode to the time of restoring to the time indica- 
tion mode. 

47. Electronic equipment according to Claim 45, 35 
wherein: 

the power saving mode stops the time indica- 
tion in said time indicating device. 

40 

48. Electronic equipment according to Claim 47, 
wherein: 

said time indicating device comprises an hour- 
and minute-hand driving device for driving hour as 
and minute hands, and a second hand driving 
device for driving a second hand, and 
the power saving mode comprises a first power 
saving mode in which operation of said second 
hand driving device is stopped, and a second so 
power saving mode in which operations of said 
hour-and minute-hand driving device and said 
second hand driving device are stopped. 

49. Electronic equipment according to Claim 45. 55 
wherein: 

said time indicating device is an analog indicat- 
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ing device for mechanically driving analog 

hands to rotate said hands, and 

said mode shift control device comprises a 

power-saving-mode time storage for storing a 

power-saving-mode duration time during which < 

the power saving mode is continued, and 

a time restoring portion for restoring the time 

indication of said analog indicating device 

based on the power-saving-mode duration time • ' 

when the operating mode is shifted from the 

power saving mode to the indication mode. 

50. Electronic equipment according to Claim 45, 
wherein: 

said mode shift control device has a mode set- 
ting function capable of selectively setting; one 
of the power saving mode in which the time 
indication of said time indicating device is 
stopped in accordance with the power genera- 
tion state of the power generator, and the indi- 
cation mode in which the time is indicated. 

51 . A control method for electronic equipment compris- 
ing a power supply device capable of accumulating 
electric energy, and a time indicating device capa- 
ble of indicating the time with electric power sup- 
plied from said power supply device, said control 
method comprising: 

a carrying -on- user detecting step of detecting 
whether said electronic equipment is in a state 
carried with a user or not, and 
a mode shift control step of shifting an operat- 
ing mode of said driven device from a normal 
operating mode to a power saving mode in 
accordance with a detection result in said car- 
rying-on-user detecting step when said elec- 
tronic equipment is in a state not carried with 
the user, for thereby reducing power consump- 
tion of said driven device. 

52. A control method for electronic equipment accord- 
ing to Claim 51 , wherein: 

said power supply device includes a power 
generator for generating electric power by con- 
verting first energy into the electric energy as 
second energy, and 

said carrying-on-user detecting step detects 
whether said electronic equipment is in the 
state carried with the user or not in accordance 
with a power generation state of said power 
generator. 

53. A control method for electronic equipment accord- 
ing to Claim 51 , further comprising: 
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a time indication restoring step of, when the 
operating mode is restored to the normal mode 
again after a shift to the power saving mode, 
restoring a time indicative condition of said time 
indicating device to the same time indicative 
condition as resulted in the case of operating 
said time indicating device continuously for a 
period of time elapsed from the shift to the 
power saving mode to the time of restoring to 
the normal mode. 

54. A control method for electronic equipment accord- 
ing to Claim 51, wherein; 

said mode shift control step shifts the operating 
mode to the power saving mode when an 
amount of power accumulated in said power 
supply device is not less than a predetermined 
amount of power which is set beforehand and 
corresponds to the amount of power for said 
restoring of the operating condition. 

55. A control method for electronic equipment accord- 
ing to Claim 52, wherein: 

said mode shift control step includes a power- 
generation -state determining step of determin- 
ing whether said power generator is in a state 
of generating power or not based on whether 
an electromotive voltage of said power genera- 
tor is higher than a setting voltage set before- 
hand, and shifts the operating mode from the 
power saving mode to an indication mode, in 
which the time is indicated, in accordance with 
a result of the determination when said power 
generator is brought into the state of generat- 
ing power. 

56. A control method for electronic equipment accord- 
ing to Claim 52, wherein: 

said mode shift control step includes a power- 
generation -state determining step of determin- 
ing whether said power generator is in a state 
of generating power or not based on whether a 
power generation duration time of said power 
generator is longer than a setting time set 
beforehand, and shifts the operating mode 
from the power saving mode to an indication 
mode, in which the time is indicated, in accord- 
ance with a result of the determination when 
said power generator is brought into the state 
of generating power. 

57. A control method for electronic equipment accord- 
ing to Claim 44, wherein: 

the power saving mode stops the time indica- 
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tion in said time indicating device. 



58. A control method for electronic equipment accord- 
ing to Claim 51 „ wherein: 

5 . ' 

said time indicating device comprises an hour- 
and minute-hand driving device for driving hour 
and minute hands, and a second hand driving 
device for driving a second hand, and . 1 

10 the power saving mode comprises a first power 

saving mode in which operation of said secdnd 
hand driving device is stopped, and a second 
power saving mode in which operations of said 
hour* and minute-hand driving device and said 

15 second hand driving device are stopped. 

Amended claims under Art. 1 9.1 PCT 

1. Portable electronic equipment comprising: 

20 

a power supply device capable of accumulating 
electric energy, 

a driven device driven with electric power sup- 
plied from said power supply device, 

25 a carrying -on -user detector for detecting 

whether said electronic equipment is in a state 
carried with a user or not, and 
a mode shift control device for shifting an oper- 
ating mode of said driven device from a normal 

30 operating mode to a power saving mode in 

accordance with a detection result of said car- 
rying-on-user detector when said electronic 
equipment is in a state not carried with the 
user, for thereby reducing power consumption 

35 of said driven device. 

2. Electronic equipment according to Claim 1. 
wherein: 

40 said power supply device includes a power 

generator for generating electric power by con- 
verting first energy into the electric energy as 
second energy, and 

said power supply device is able to accumulate 
45 the generated power. 

3. Electronic equipment according to Claim 2, 
wherein: 

so said carrying -on- user detector detects whether 

said electronic equipment is in the state carried 
with the user or not in accordance with a power 
generation state of said power generator. 

55 4. Electronic equipment according to Claim 1, fur- 
ther comprising: 

an operating condition restoring device for. 
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when the operating mode is restored to the nor- 
mal mode again after a shift to the power sav- 
ing mode, restoring an operating condition of 
said driven device to the same operating condi- 
tion as resulted in the case of operating said 5 
driven device continuously for a period of time 
elapsed from the shift to the power saving 
mode to the time of restoring to the normal 
mode. 

10 

5. Electronic equipment according to Claim 1, 
wherein: 



voltage value used for determining whether 
said operating mode is to be shifted from the 
normal operating mode to the power 'saying 
mode. 

^ 

10. Electronic equipment according to Claim 1. 
wherein: 

said carrying-on-user detector detects the car- . ' 
ried state of said electronic equipment based 
on a charging current in said power supply 
device. 



said mode shift control device shifts the operat- 
ing mode to the power saving mode when an is 
amount of power accumulated in said power 
supply device is not less than a predetermined 
amount of power which is set beforehand and 
corresponds to the amount of power for said 
restoring of the operating condition. 20 

6. (amended) Electronic equipment according to 
Claim 2, wherein: 

said carrying-on-user detector detects the car- 25 
ried state of said electronic equipment based 
on an electromotive voltage produced in said 
power generator. 

7. Electronic equipment according to Claim 2, 30 
wherein: 

said carrying-on -user detector compares an 
electromotive voltage produced in said power 
generator with a plurality of setting voltage val- 35 
ues. and detects the carried state of said elec- 
tronic equipment in accordance with a 
comparison result. 

8. Electronic equipment according to Claim 7, 40 
wherein: 

said carrying-on-user detector delects the car- 
ried state of said electronic equipment by 
selecting one of said plurality of setting voltage 45 
values depending on the current mode, and 
comparing the electromotive voltage produced 
in said power generator with the selected set- 
ting voltage value. 

so 

9. Electronic equipment according to Claim 8, 
wherein: 

said carrying-on-user detector sets the setting 
voltage value, which is used for determining 55 
whether sard operating mode is to be shifted 
from the power saving mode to the normal 
operating mode, to be higher than the setting 



11. Electronic equipment according to Claim 10, 
wherein: 

said carrying-on-user detector compared the 
charging current in said power supply device 
with a plurality of setting current values, and 
detects the carried state of said electronic 
equipment in accordance with a comparison 
result. 

12. Electronic equipment according to Claim 11, 
wherein: 

said carrying-on-user detector detects the car- 
ried state of said electronic equipment by 
selecting one of said plurality of setting current 
values depending on the current mode, and 
comparing the charging current in said power 
supply device with the selected setting current 
value. 

13. Electronic equipment according to Claim 12, 
wherein: 

said carrying-on-user detector sets the setting 
current value, which is used for the mode shift 
from the power saving mode to the normal 
operating mode, to be higher than the setting 
current value used tor the shift from the normal 
operating mode to the power saving mode. 

14. Electronic equipment according to Claim 2, 
wherein: 

said carrying-on-user detector detects the car- 
ried state of said electronic equipment based 
on a power generation duration time of said 
power generator. 

15. Electronic equipment according to Claim 14, 
wherein: 

said carrying-on-user detector compares the 
power generation duration time of said power 
generator with a plurality of setting time values, 
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and detects the carried state of said electronic 
equipment in accordance with a comparison 
result. 

16. Electronic equipment according to Claim 15, 5 
wherein: 

said carrying-on-user detector detects the car- 
ried state of said electronic equipment by 
selecting one of said plurality of setting time 10 
values depending on the current mode, and 
comparing the power generation duration time 
of said power generator with the set setting 
time value, 

15 

17. Electronic equipment according to Claim 16, 
wherein: 

said carrying-on-user detector sets the setting 
time value, which is used for the mode shift 20 
from the power saving mode to the normal 
operating mode, to be longer than the setting 
time value used for the shift from the normal 
operating mode to the power saving mode. 

25 

18. Electronic equipment according to Claim 2, 
wherein: 

said carrying-on -user detector detects the car- 
ried state of said electronic equipment based 30 
on the frequency of the power generated by 
said power generator. 

19. Electronic equipment according to Claim 18. 
wherein: 35 

said carrying-on-user detector detects the fre- 
quency of the power generated by said power 
generator by counting the number of peaks of 
an electromotive voltage produced in said ao 
power generator during a period until a setting 
time elapses from a point in time at which the 
electromotive voltage has exceeded a setting 
voltage value. 

45 

20. Electronic equipment according to Claim 1 8 or 
19, wherein: 

said carrying-on-user detector compares the 
frequency of the power generated by said so 
power generator with a plurality of setting fre- 
quency values, and detects the carried state of 
said electronic equipment in accordance with a 
comparison result. 

55 

21. Electronic equipment according to Claim 20, 
wherein: 



said carrying-on-user detector detects the car- ' 
ried state of said electronic equipment by 
selecting one of said plurality of setting fre- 
quency values depending on the current mode, 
and comparing the frequency of the power gen- • 
erated by said power generator with the set set- 
ting frequency value. 

22. (amended) Electronic equipment according 16 
Claim 21, wherein: 

said carrying-on-user detector sets the setting 
frequency value, which is used for determining 
whether said operating mode is to' be shifted 
from the power saving mode to the normal 
operating mode, to be higher than the setting 
frequency value used for determining Whether 
said operating mode is to be shifted from the 
normal operating mode to the power saving 
mode. 

23. Electronic equipment according to Claim 2, 
wherein: 

said power generator includes a plurality of 
auxiliary power generators for converting said 
first energy in different forms. 

24. Electronic equipment according to Claim 2, 
wherein: 

said first energy is any of kinetic energy, pres- 
sure energy or thermal energy. 

25. Electronic equipment according to Claim 2, 
wherein: 

said power generator generates AC electric 
power by converting kinetic energy as said first 
energy into electric energy, and 
said power supply device rectifies and accumu- 
lates the generated AC power. 

26. Electronic equipment according to Claim 25. 
wherein: 

said carrying-on-user detector comprises 
switching means being switched over in 
accordance with a cycle of the AC power gen- 
erated by said power generator, 
a capacity element for accumulating electric 
charges in accordance with the switching oper- 
ation of said switching means, 
discharge means inserted in a discharge path 
of said capacity element and discharging the 
electric charges accumulated in said capacity 
element, 

a measuring portion for counting said power 
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generation duration time by measuring a period 
of time during which a voltage across said 
capacity element exceeds a predetermined 
value, and 

a carrying-on-user detecting portion tor detect- s 
ing the carried state of said electronic equip- 
ment based on said power generation duration 
time. 

27. Electronic equipment according to Claim 25, io 
wherein: 

said carrying-on-user detector detects the car- 
ried state of said electronic equipment based 
on the frequency of the power generated by is 
said power generator. 

28. Electronic equipment according to Claim 27. 
wherein: 

20 

said carrying-on-user detector detects the fre- 
quency of the power generated by said power 
generator by counting the number of peaks of 
an electromotive voltage produced in said 
power generator during a period until a setting 25 
time elapses from a point in time at which the 
electromotive voltage has exceeded a setting 
voltage value. 

29. Electronic equipment according to Claim 27 or so 
28, wherein: 

said carrying-on -user detector compares the 
frequency of the power generated by said 
power generator with a plurality of setting fre- 35 
quency values, and detects the carried state of 
said electronic equipment in accordance with a 
comparison result. 

30. Electronic equipment according to Claim 29, 40 
wherein: 

said carry ing-on^user detector detects the car- 
ried state of said electronic equipment by 
selecting one of said plurality of setting fre- <s 
quency values depending on the current mode, 
and comparing the frequency of the power gen- 
erated by said power generator with the set set- 
ting frequency value. 

50 

31. Electronic equipment according to Claim 25. 
wherein: 

said power generator comprises a rotating 
weight undergoing swing motion, and a power 55 
generation element for generating electromo- 
tive forces with the rotary motion of said rotat- 
ing weight. 



32. Electronic equipment according to Claim 25, 

wherein: ,' 

i 

said power generator comprises a resilient 
member to which deformation forces are 
applied, rotating means undergoing rotary 
motion due to restoring forces developed by 
said resilient member going to restore to an 
original shape, and a power generation ele- 
ment for generating electromotive forces. with 
the rotary motion of said rotating means. 

33. Electronic equipment according to 'Claim 25, 
wherein: 

said power generator comprises a piezoelectric 
device for generating electromotive forces' with 
the piezoelectric effect when subjected to a dis- 
placement. 

34. Electronic equipment according to Claim 2. 
wherein: 

said mode shift control device shifts the operat- 
ing mode of said driven device to the power 
saving mode when said electronic equipment is 
in the not-carried state and the power genera- 
tion state of said power generator is in a prede- 
termined power generation state which is set 
beforehand and corresponds to the power sav- 
ing mode. 

35. Electronic equipment according to Claim 34. 
wherein: 

said carrying-on-user detector includes an 
acceleration sensor for detecting acceleration 
-generated when said electronic equipment is 
carried with the user. 

36. Electronic equipment according to Claim 34, 
wherein: 

said carrying-on-user detector detects the car- 
ried state of said electronic equipment by 
detecting a change in el ectrode-to- electrode 
resistance value or el ectrode-to- electrode 
capacitance value occurred when said elec- 
tronic equipment is carried with the user. 

37. Electronic equipment according to Claim 34, 
wherein: 

said carrying-on-user detector includes a 
switch portion turning into an on- or off -state 
when said electronic equipment is carried with 
the user, and detects the carried state of said 
electronic equipment in accordance with the 
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on/off state of said switch portion. 

38. A control method for electronic equipment com- 
prising a power supply device capable of accumu- 
lating electric energy, and a driven device driven s 
with electric power supplied from said power supply 
device, said control method comprising: 

a carrying-on-user detecting step of detecting 
whether said electronic equipment is in a state io 
carried with a user or not, and 
a mode shift control step of shifting an operat- 
ing mode of said driven device from a normal 
operating mode to a power saving mode in 
accordance with a result of the detection when is 
said electronic equipment is in a state not car- 
ried with the user, for thereby reducing power 
consumption of said driven device. 

39. A control method for electronic equipment so 
according to Claim 38, wherein: 

said power supply device includes a power 
generator for generating electric power by con- 
verting first energy into the electric energy as 25 
second energy, and 

said carrying-on-user detecting step detects 
whether said electronic equipment is in the 
state carried with the user or not in accordance 
with a power generation state of said power 30 
generator. 

40. A control method for electronic equipment 
according to Claim 38, further comprising: 

35 

an operating condition restoring step of, when 
the operating mode is restored to the normal 
mode again after a shift to the power saving 
mode, restoring an operating condition of said 
driven device to the same operating condition 40 
as resulted in the case of operating said driven 
device continuously for a period of time 
elapsed from the shift to the power saving 
mode to the time of restoring to the normal 
mode. 45 

41. A control method for electronic equipment 
according to Claim 38, wherein: 

said mode shift control step shifts the operating so 
mode to the power saving mode when an 
amount of power accumulated in said power 
supply device is not less than a predetermined 
amount of power which is set beforehand and 
corresponds to the amount of power for said ss 
restoring of the operating condition. 

42. A control method for electronic equipment 



according to Claim 38, wherein: 

said driven device is a time indicating device for 
indicating the time with the electric power sup- 
plied from said power supply device, and 
said normal operating mode is an indication 
mode causing said time indicating device to 
indicate the time. 

43. A control method for electronic equipment 
according to Claim 39. wherein: 

said first energy is any of kinetic energy, pres- 
sure energy or thermal energy. 

44. A control method for electronic equipment 
according to Claim 39, wherein: 

said first energy is optical energy, and 
said mode shift control step includes the carry- 
ing-on-user detecting step of detecting whether 
said electronic equipment is in the state carried 
with the user or not, and shifts the operating 
mode of said driven device to the power saving 
mode when said electronic equipment is in the 
not-carried state and the power generation 
state of said power generator is in a predeter- 
mined power generation state which is set 
beforehand and corresponds to the power sav- 
ing mode. 

45. Electronic equipment according to Claim 1, 
wherein: 

said driven device is a time indicating device for 
indicating the time with the electric power sup- 
plied from said power supply device, and 
said mode shift control device shifts the operat- 
ing mode of said time indicating device to the 
power saving mode in accordance with a power 
generation state of said power generator, for 
thereby reducing power consumption of said 
time indicating device. 

46. Electronic equipment according to Claim 45, 
further comprising: 

a time indication restoring device for. when the 
operating mode is restored to a time indication 
mode as the normal mode again after a shift to 
the power saving mode, restoring a time indic- 
ative condition of said time indicating device to 
the same time indicative condition as resulted 
in the case of operating said time indicating 
device continuously for a period of time 
elapsed from the shift to the power saving 
mode to the time of restoring to the time indica- 
tion mode. 
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47. Electronic equipment according to Claim 45, 
wherein: 

the power saving mode stops the time indica- 
tion in said time indicating device. s 

48. (amended) Electronic equipment according to 
Claim 45, wherein: 

said time indicating device comprises an hour- 10 
and minute-hand driving device for driving hour 
and minute hands,- and a second hand driving 
device for driving a second hand, and 
the power saving mode comprises a first power 
saving mode in which operation of said second 75 
hand driving device is stopped, and a second 
power saving mode in which operations of said 
hour-and minute-hand driving device and said 
second hand driving device are stopped. 

20 

49. Electronic equipment according to Claim 45, 
wherein: 

said time indicating device is an analog indicat- 
ing device for mechanically driving analog 25 
hands to rotate said hands, and 
said mode shift control device comprises a 
power-saving-mode time storage for storing a 
power-saving-mode duration time during which 
the power saving mode is continued, and 30 
a time restoring portion for restoring the time 
indication of said analog indicating device 
based on the power-saving-mode duration time 
when the operating mode is shifted from the 
power saving mode to the indication mode. 35 

50. Electronic equipment according to Claim 45, 
wherein: 

said mode shift control device has a mode set- 40 
ting function capable of selectively setting one 
of the power saving mode in which the time 
indication of said time indicating device is 
stopped in accordance with the power genera- 
tion state of the power generator, and the indi- 45 
cation mode in which the time is indicated. 

51 . A control method for electronic equipment com- 
prising a power supply device capable of accumu- 
lating electric energy, and a time indicating device so 
capable of indicating the time with electric power 
supplied from said power supply device, said con- 
trol method comprising: 

a carrying-on-user detecting step of detecting ss 
whether said electronic equipment is in a state 
carried with a user or not. and 
a mode shift control step of shifting an operat- 
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ing mode of said driven device from a normal 
operating mode to a power saving rrpde in 
accordance with a detection result in said car- 
rying-on-user detecting step when said elec- 
tronic equipment is in a state not carried with . 
the user, for thereby reducing power consump- 
tion of said driven device. 

52. A control method for electronic equipment ■ 1 
according to Claim 51 , wherein: 

said power supply device includes. a power 
generator for generating electric power by con- 
verting first energy into the electric energy as 
second energy, and 

said carrying-on-user detecting step detects 
whether said electronic equipment is iri the 
state carried with the user or not in accordance 
with a power generation state of said power 
generator. 

53. A control method for electronic equipment 
according to Claim 51 , further comprising: 

a time indication restoring step of, when the 
operating mode is restored to the normal oper- 
ating mode again after a shift to the power sav- 
ing mode, restoring a time indicative condition 
of said time indicating device to the same time 
indicative condition as resulted in the case of 
operating said time indicating device continu- 
ously for a period of time elapsed from the shift 
to the power saving mode to the time of restor- 
ing to the normal mode. 

54. A control method for electronic equipment 
according to Claim 51 , wherein: 

said mode shift control step shifts the operating 
mode to the power saving mode when an 
amount of power accumulated in said power 
supply device is not less than a predetermined 
amount of power which is set beforehand and 
corresponds to the amount of power for said 
restoring of the operating condition. 

55. A control method for electronic equipment 
according to Claim 52, wherein: 

said mode shift control step includes a power- 
generation -state determining step of determin- 
ing whether said power generator is in a state 
of generating power or not based on whether 
an electromotive voltage of said power genera- 
tor is higher than a setting voltage set before- 
hand, and shifts the operating mode from the 
power saving mode to an indication mode, in 
which the time is indicated, in accordance with 
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a result of the determination when said power 
generator is brought into the state of generat- 
ing power. 

56. A control method for electronic equipment 5 
according to Claim 52, wherein: 

said mode shift control step includes a power- 
generation-state determining step of determin- 
ing whether said power generator is in a state io 
of generating power or not based on whether a 
power generation duration time of said power 
generator is longer than a setting time set 
beforehand, and shifts the operating mode 
from the power saving mode to an indication is 
mode, in which the time is indicated, in accord- 
ance with a result of the determination when 
said power generator is brought into the state 
of generating power 

so 

57. (amended) A control method for electronic 
equipment according to Claim 51 . wherein: 

the power saving mode stops the time indica- 
tion in said time indicating device. 25 

58. A control method for electronic equipment 
according to Claim 51 , wherein: 

said time indicating device comprises an hour- 30 
and minute-hand driving device for driving hour 
and minute hands, and a second hand driving 
device for driving a second hand, and 
the power saving mode comprises a first power 
saving mode in which operation of said second 35 
hand driving device is stopped, and a second 
power saving mode in which operations of said 
hour-and minute-hand driving device and said 
second hand driving device are stopped. 
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